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INTRODUCING THE CONTRIBUTORS 

For the first time since this column has 

been appearing, it becomes necessary to 

“ introduce ” an author undoubtedly known 

to every reader of ScrENCE EDUCATION. 

The author of the first article in this 

month’s issue is Dr. Joun Dewey, Pro- 

fessor Emeritus of Philosophy, Columbia 

University. Professor Dewey’s influence 

on American education has been so pro- 

found and far-reaching that it cannot be 

assessed in our generation. “ Method in 

Science Teaching,” first published in this 

JourRNAL in 1916, is indeed timely today, 

and its timeliness is emphasized by the 

pertinence of the introduction that Profes- 

sor Dewey has written especially for its 

republication. 

The discussion of the place of health edu- 

cation in science classes continues from the 

March number with Dr. Bernuarp J. 

STERN’S article, “Activities Useful in the 

Study of the Maintenance of Health.” 

Dr. Stern teaches sociology in the exten- 

sion division of Columbia University ; 

among the courses he offers is one in the 

social aspects of medical care. 

The report on the status of public-school 

science teachers in Colorado, prepared by 

Apa E. Winans and F. C. JEAN, was pre- 

sented on the program of the October, 

1944, meeting of the Educational Section, 

Colorado-Wyoming Academy of Science. 

Miss Winans teaches science in the Senior 

High School of Scottsbluff, Nebraska. Her 

special interests lie in the area of instruc- 

tional and personnel problems in guidance, 

and her graduate and undergraduate work 

was done at the Colorado State College of 

Education, Greeley, where Dr. Jean is 

chairman of the Science Division. Dr. 

Jean is senior author of the science survey 

books for colleges, Man in His Physical 

Universe and Man in His Biological World. 

The work described by Mervin E. 

Oakes (“ Explanations of Natural Phe- 

nomena by Adults’) was done in conjunc- 

tion with a larger investigation, Children’s 

Explanations of Natural Phenomena, now 

in press. Dr. Oakes, who is Advertising 

Manager of ScteNcE EpucatTion, teaches 

at Queens College of the College of the City 

of New York, and is a member of the 

Science Council, Federation of Science 

Teachers Organizations, New York City, 

and chairman of its Committee on Research 

and Experimentation. 

ning in Central High S¢thool, Trenton, 

New Jersey (“ Present and Future Science 

Courses”) was prepared by J. Gorpon 

MANnzeErR, head of the science Department 
in that school and president of the New 
Jersey Science Teachers Association. <A 

brief paper by Mr. Manzer appeared in an 

earlier issue of this JouRNAi, that for Feb- 
ruary, 1944. 

The description of grate and plan- 

“Toward a More Adequate Science 

Education” is an attempt to explore the 

question, What is science? ZACHARIAH 

SuBARSKY, chairman of the biology depart- 

ment at the Bronx High School of Science, 

New York, read this exploration at a meet- 

ing of department chairmen in November, 

1944, 

The Department of Educational Trends 

carries the report of a committee consisting 

of Kart W. Bicetow, R. J. Havicuurst, 

F. J. Kerry, and K. Larx-Horovitz, 

chairman. ‘“ On the Teaching of the Basic 

Sciences ” is reprinted from The America 

Physics Teacher. Dr. Bigelow is Director 

of the Commission on Teacher Education, 

American Council on Education, and 

Chairman of the Council on Cooperation in 

Teacher Education. Dr. Havighurst is 

Professor of Education and Secretary of 
the Committee on Human Development of 

the University of Chicago. Dr. Kelly is 

Director of the Division of Higher Edu- 

cation in the United States Office of 

Education. Dr. Lark-Horovitz is head of 

the department of physics at Purdue 

University. 
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METHOD IN SCIENCE TEACHING 

Joun Dewey 
Columbia University 

This article was the address of Dr. Dewey before the Science Section of the 
National Education Association at its meeting in New York in July, 1916. It seems 

particularly appropriate that this should have been published as the lead article in 

Volume 1, Number 1, of General Science Quarterly (now SciENcE EpvucatTion ). 

The brief note which Dr. Dewey has contributed as an introduction is sufficient to 

explain why the present editor is proud to present this reprint—S. R. P. 

INTRODUCTION 

Almost thirty years, the allotted period 
of a generation, have passed since the 

accompanying article was written. The 
editor of Scrence Epucation has hon- 
ored me with an invitation to say a few 

words in connection with its republica- 
tion. There are of course some changes 

that would have to be made if the article 

were first written today. But in the main 

I feel that the course of events has rein- 

forced what is basic in the article. In par- 

ticular, I think two recent educational 

movements have strengthened its relevancy 

to present conditions. 

In the last few years an increasing num- 

ber of voices have engaged in a virtual 

attack upon the place held by science teach- 

ing in our schools. Influential voices plead 

for subordination of science to the culture 

which they say can be attained only by 

study of the literary products of the past. 

For science, they say, is concerned with 

material, not with humane, affairs. They 

set science and the concerns of man as man 

over against each other, and proclaim that 
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the rightful supremacy of the latter de- 

mands the educational subordintion of sci- 

ence. The entire cogency of their position 

depends upon identification of science with 

a certain limited field of subject matter, 

ignoring the fact that science is primarily 

the method of intelligence at work in ob- 

servation, in inquiry and experimental 

testing; that, fundamentally, what science 

means and stands for is simply the best 

ways yet found out by which human intelli- 

gence can do the work it should do, ways 

that are continually improved by the very 

processes of use. 

The same voices are urging a separation 

of the vocational training which they be- 

lieve to be suited to the capacity of the 

many from the higher liberal and cultural 

education which they think appropriate to 

As 

against this position, I think it is as im- 

portant now as it was a generation ago, 

perhaps more so, to insist that for the 

many who are not going to become spe- 

cialists in science “that value of 

a much smaller number of persons. 

science 
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resides in the added meaning it gives to 

the usual occurrences of their everyday 

surroundings and occupations.” I would 

add, with emphasis, that some insight into 

and command of scientific method and 

material is increasingly the only effective 

way by which this added meaning can be 

made a reality. When the applications of 

science are in fact shaping more and more 

the conditions of the world in which we 

must live and act, whether we like it or 

not, the attempt to separate science from 
liberal and humane interests is nothing but 

an act of withdrawal which if it be carried 
into effect will increase the already too 

great lack of preparation to understand the 

world in which we live. And without 

understanding, how can we hope to act 

with intelligence ? 

Joun Dewey. 
March 1, 1945. 

ETHOD means a way to a result, a 
M means to an end, a path to a goal. 
Method therefore varies with the end to be 

reached. Without a clear notion of the 

end, we cannot proceed intelligently upon 

the journey toward it. When we try to 
state the end of science teachings we are, 

however, likely to find ourselves involved 
in such vague generalities that all might 

use the same words and yet differ radically 

about actual method of procedure. It is 

therefore only to make clear my own point 

of approach and not to foreclose discussion 
that I say that the end of science teaching 
is to make us aware what constitutes the 

more effective use of mind, of intelligence. 

To give us a working sense of the real 

nature of knowledge, of sound knowledge 

as distinct from mere guess work, opinion, 
dogmatic belief or whatever. Obviously 

science is not only knowledge, but it is 

knowledge at its best, knowledge in its 

tested and surest form. Educationally then 

what differentiates its value from that of 

other knowledge is precisely this superior 

quality. Unless it is so taught that students 

acquire a realizing sense of what gives it 
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its superiority, something is lost. If we 

ask how this superior type of knowledge 

came into existence we find that men have 

been working their minds, more or less 

effectively for many thousand years, and 

that for a very long time it was less rather 

than more effectively. But the most effi- 

cient ways of using or working intelligence 

have gradually been selected and cultivated. 

And science as a personal power and re- 

source is an equipment of all those found 

more successful, most effective. A man 

may have a good deal of cultivation, a good 
deal of information, correct information at 

that, about things, but if he has never made 

a first hand acquaintance at some point 

with scientific ways of dealing with a sub- 

ject matter, he has no sure way of telling 

the difference between all-wool knowledge 

and: shoddy goods. He has no sure way of 

knowing when he is using his mental 
powers most capable and fruitfully. An 

ability to detect the genuine in our beliefs 

and ideas, the ability to control one’s mind 

to its own best working, is a very precious 

thing. Hence the rightful place of science 

in education is a fundamental one, and it 

is correspondingly important to see to it 

that methods of teaching are such as to 

fulfill its true pupose. 
When we pass from this generality, it 

seems to me that the first need is to dis- 
criminate certain stages in the educational 

development of science. The first stage 
belongs of necessity to the elementary 
school, for I do not think that any amount 

of pains and ability in the high school can 

make up for a wrong start or even a failure 

to get the right start in the grades. This 

is contrary in appearance to a common 

assertion of secondary teachers that they 

would prefer that their pupils came to them 

without any science instruction at all— 

which is parallelled by a similar statement 
on the part of the college teachers. I think 
the inconsistency is only in appearance. 

The remark is really proof of the necessity 

of a right start. I do not believe that the 

problem of successful science will be met 
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until teachers in college and high school 

exchange experience with those in the 

elementary school, and both take a mutual 

interest in one another’s work. 

At this stage, the purpose should be to 

give a first hand acquaintance with a fair 

area of natural facts of such a kind as to 

arouse interest in the discovery of causes, 

dynamic processes, operating forces. I 

would emphasize the clause regarding “ of 

such a kind.” I think the chief defect, upon 

the whole, in our present elementary nature 

study is that while it may arouse a certain 

interest in observation and accumulate a 

certain store of information, it is too static, 

and hence too miscellaneous. By static I 

mean that observation is directed in some 

active process. No amount of information 
of this sort can supply even a background 

for science. Space, however, forbids my 

dwelling upon this point, and its underlying 

‘point can perhaps be brought out by refer- 

ence to something which lies within the 
high school program, namely, so-called 

general science. Like the nature-study 

movement the tendency to general-science 

courses is animated by a praiseworthy de- 

sire to get away from the specialized tech- 

nicalities of a highly matured science. I 
will not say that these reduce themselves 
for the average beginning student to mere 

acquisition of a vocabulary, though there 

is danger of this. But except with the few 

this science of the accomplished specialist 

remains, even when fairly well understood, 
just an isolated thing, a thing of a world 
super-added to the everyday world, when 

it ought to be an enlightening and an intel- 

lectual control of the everyday world. 

As an attempt to get back nearer to the 

world in which the pupil lives, and away 

from a world which exists only for the 

scientist, the general-science tendency has, 

as I have just said, its justification. But 

I have an impression that in practice it may 

mean two quite different things. It may 

take its departure from sciences which are 

already differentiated, and simply pick out 

pieces from them, some from physics, some 

METHOD IN SCIENCE TEACHING 121 

from chemistry, some from physiography, 

some from botany, etc., and out of this 

varied selection form something to serve 

as an introduction to sciences in a more 

Now this method I be- 

lieve to be of the static type after all. It 

gives scope for variety and adaptation, and 

will work with the right teacher. But 

urged as a general movement, I believe it 

retains the essential mistake of any method 

which begins with scientific knowledge in 

its already-made form, while in addition it 

lends itself very easily to scrappy and 

superficial work, and even to a distaste for 

the continued and serious thinking neces- 

sary to a real mastery of science. 

General science may, however, have an- 

other meaning. It may mean that a person 

who is himself an expert in scientific knowl- 

edge, forgets for the time being the con- 

ventional divisions of the sciences, and puts 

himself at the standpoint of pupil’s experi- 

ence of natural forces together with their 

ordinary useful applications. He does not, 

however, forget the scientific possibilities 

of these experiences, nor does he forget 

that there is an order of relative impor- 

tance in scientific principles—that is to say, 

that some are more fundamental, some 

necessary in order to understand others, 

and thus more fruitful and ramifying. 

While then he may take his subject- 

matter from any of the ordinary and more 

familiar materials of daily life, he does 

not allow that material in its obvious and 

superficial form to dictate to him the nature 
of the subsequent study. It may be varnish 

or cleansers, or bleachers, or a gasoline 

engine. But he never for a moment allows 

in his educational planning that thing to 

become the end of study; when he does, 

we have simply the wrong kind of elemen- 

tary nature study over again. To him, as 

a teacher, the material is simply a means, 
a tool, a road. It is a way of getting at 

some process of nature’s activity which is 

widely exemplified in other phenomena and 

which when grasped will make them more 

significant and more intelligible. While the 

specialized form. 
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student’s attention may remain, so far as 

his conscious interest is concerned, upon 

the phenomena directly in front of him, it 

is the teacher’s business to see that he gets 

below the surface to the perception of 

whatever is scientifically in the experience. 

This need not be labelled a principle or 

law—in fact, if it is so labelled at first, the 

name principle or law will be merely a 

label. But if further material is selected 
so that what the pupil got hold of before 
serves as a means of intellectual approach 

and understanding, it becomes a principle 

or law for him: a law of his own thinking 

and inquiries, a standpoint from which he 

surveys facts and attempts to reduce them 
to order. 

This same method of procedure means 
of course that choice is made in fixing the 

kind of familiar material with which one 

sets out. The interests and occupations 
of the environment will play a part. A 

farming environment would tend to pro- 

vide one point of departure, a district in 

which electric apparatus was made another, 

a railway center a third, and so on. But 

in each case, there will always be room 

for choice between material which tends to 

begin and end in itself and that from which 

something may be easily extracted which 

will give pupils a momentum to other 

things. 

My point may perhaps be stated by say- 

ing that the right course lies between two 

erroneous courses. One method is the 

scrappy one of picking up isolated materials 

just because they happen to be familiar 

objects within the pupil’s experience, and 

of merely extending and deepening the 

range of the pupil’s familiarity, and then 

passing on to something else. No amount 

of this will make an introduction to science, 

to say nothing of science, for an introduc- 

tion leads or draws into a subject, while 

this method never, save by accident, gets 

the pupil within the range of problems 

and explanatory methods of science. The 

other erroneous course is taken when the 

teacher’s imagination is so limited that he 
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cannot conceive of science existing except 

in the definitely segregated areas, concepts 

and terms which are found in books under 

the heads of physics, chemistry, etc., and 

who is thus restricted to moving within 

these boundaries. Such a person forgets 

that there is no material in existence which 

is physical or chemical or botanical, but 

that a certain ordinary subject matter be- 

comes physical or chemical or botanical! 
when certain questions are raised, and when 

it is subjected to certain modes of inquiry. 

What is desired of the pupil is that start- 

ing from the ordinary unclassed material 

of experience he shall acquire command 

of the points of view, the ideas and methods, 
which make it physical or chemical or 
whatever. 

I return to what I said at first about the 

dynamic point of view as the really scien- 

tific one, or the understanding of process 

as the heart of the scientific attitude. What 
are called physics and chemistry deal in 

effect with the lawful energies which bring 

about changes. To master their method 

means to be able to see any observed fact, 

no matter how seemingly fixed and stub- 
born, as a change, as a part of larger 

process or on going. In this sense, they are 

central (along with mathematics which 

alone deals with the fixed, the formal and 
structural side of the fact) in all scientific 

understanding. There is a sound instinct 

in the tendency to insist upon them as the 

heart of the secondary course in science 

and to look with jealousy upon whatever 

narrows their sphere of influence. But it 

does not follow that the material which 

is found in the text which segregates cer- 

tain under the heads of 

physics or chemistry is the material to 

begin with. 

considerations 

That is the fallacy against 

which I have been arguing. Plant and 

animal life, the operations of machines and 

the familiar appliances and processes of 

industrial life, are much more likely to 

furnish actual starting material. What the 

principle calls for is that the pupil shall be 

led in his study of plant and animal life, 
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of machine and its operations, to the basic 

operations which enables him to understand 

what is before him—to be led inevitably to 

Nothing 

for education 

physical and chemical principles. 

is more than 
the usual separation between the sciences 

of life and the physical sciences. 

phenomena are natural and _ interesting 

material from which to set out, especially 

unfortunate 

Living 

in all rural environments. But they are 

educationally significant in the degree in 

which they are used to procure an insight 

into just those principles which are not 

plants and animals, but which, when they 

are formulated by themselves, constitute 

physics and chemistry. It is the failure to 

carry nature study on to this insight which 

is responsible for its pedagogically un- 

satisfactory character; and the movement 

toward general science will repeat the same 

unless it keeps the goal of physical and 

chemical principle steadily in view. 

An extension of the method I have 

spoken of should in my judgment constitute 

the bulk of the secondary course in science, 

which ideally should be continuous through- 

out the four years—or the six. We must 

remember that although in school we are 

always treating pupils as embryonic scien- 

tists who somehow get interrupted and cut 

off before they get very far, the great mass 

of the pupils are never going to be scientific 

specialists. The value of science for them 

resides in the added meaning it gives to 

the usual occurrences of their everyday sur- 

roundings and occupations. None the less, 

we want a high school which will tend to 

attract those who have a distinct calling for 

specialized inquiry, and one which prepares 

them to enter upon it. I can only express 

my belief that there are many more such 

in the pupil population than we succeed 

at present in selecting and carrying on, 

and that I believe this is largely because 

we follow to so great an extent the method 
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of feeding them all from the start as if 

they were full-fledged minute specialists. 

As a result large numbers who might other- 

wise be drawn later into the paths of scien- 

tific inquiry now get shunted off into the 

more concrete and appealing paths of engi- 

neering, industrial invention and applica- 

tion—simply because they have been re- 

pelled by a premature diet of abstract scien- 

tific propositions, lacking in meaning to 
them because abstracted from familiar facts 

of experience. 

I believe there are scores if not hundreds 

of boys, for example, who now go from 

technical courses of physics into automobile 

factories and the like, who, if they had 

begun with the automobile under a teacher 

who realized its scientific possibilities, might 

have gone on into abstract physics. 

I can sum up by saying that it seems to 

me that our present methods too largely 

put the cart before the horse; and that 

when we become aware of this mistake we 

are all too likely to cut the horse entirely 

loose from the cart, and let him browse 

around at random in the pastures without 

getting What we need is to 

hitch the horse of concrete experience with 

anywhere. 

daily occupation and surroundings to a 

cart loaded with specialized scientific knowl- 

edge. It is not the business of high school 

science to pack the cart full—that will come 

later. It is its business to make such a 

good job of the hitching that every pupil 

who comes under its influence will always 

find in himself a tendency to turn his crude 

experiences over into a more scientific 

form, and to translate the bare science he 

the 

When we do this, we shall 

reads and hears back into terms of 

his daily life. 

find, I am confident, the crop of scientific 

specialists increased, not diminished, while 

we shall have a citizenship of men and 

women really intelligent in judging the 

affairs of life. 



ACTIVITIES USEFUL IN THE STUDY OF THE MAINTENANCE 
OF HEALTH 

3ERNHARD J. STERN 
Columbia University 

cTiIviTiEs in the field of health educa- 

A tion utilize the full gamut of teaching 

techniques and methods. They involve 

laboratory work and class demonstrations, 

field trips, community surveys, oral and 

written reports, reading, discussions, sym- 

posia, debates, exhibits, the showing of 

films, slides, and photographs, and guest 

lecturers. They stem from the health prob- 

lems of the individual, the school, the 
family, the community, the region, the 

state, the nation, and the world. Moreover, 

they are concerned equally with the diffu- 

sion and extension of existing scientific 

information and with the utilization of such 

knowledge in the formulation of personal 

and community attitudes and behavior. 

The activities proposed have been organ- 

ized into four major groups. In the first 

are activities designed to show the impli- 
cations of present knowledge concerning 

the selective and balanced exchange of 

materials and energy between the human 

body and the external world. The activities 

suggested in this group deal with the 

various bodily processes, particularly cir- 

culation of the blood, respiration, and diges- 

tion, by which the human organism is able 

to maintain persistent internal stability-— 

the steadiness of bodily temperature and 

of the mild alkalinity and sugar concentra- 

tion of the blood—and so maintain good 

health. 

The second group of activities is cen- 

tered on the manner in which an individual 

can provide the necessary materials and 

energies for the human organism and avoid 

harmful substances. Activities in the third 

group are concerned with an individual’s 

efforts to keep well through medical care— 

when a doctor is to be consulted; the rela- 
tive competence of physicians: and healing 

cults; the procedures and theories under- 

lying the work of a physician; the quantity 

and quality of the resources for medical 

care in the community. The fourth group of 

activities takes up the extent and effective- 

ness of protective measures administered 

by public health authorities for the control 

and prevention of human diseases, particu- 

larly communicable diseases. 

THE HUMAN BODY: MAINTENANCE OF 

INTERNAL STABILITY 

Basic to the entire problem of the main- 

tenance of health and the avoidance of dis- 

ease is knowledge of the human body and 

its functioning. The chief interest here is 

not in disease states and in abnormal 

pathological cases. It is in the normal 

processes by which the average human 

body maintains its internal equilibrium as 

an organism in interaction with its external 

environment. Lacking the delicate internal 

stability maintained by all processes of the 

organism, with the circulating blood play- 

ing a major role, the organism would 

perish. The body is equipped, moreover, 
with defenses against such dangers as the 

invasion of pathogenic microorganisms and 

can be integrated for survival in case of 

emergencies by a process in which the 

adrenal glands play an important role. The 

following activities are designed to increase 

students’ understanding of these normal 

processes and to enable them to guide their 

behavior in the interest of proper care of 

the body. 

Discuss the substances that enter the blood 
stream—digested foodstuffs, water, oxygen, 

wastes, new blood cells, hormones, toxins, and 
pathogenic microorganisms; then discuss the 

responses of the organism which tend to keep 

the composition of the blood stable—changes in 
the respiratory rate, changes in excretion and 

storage, changes in rate of circulation, and 

changes in blood pressure. 
List other factors which tend to change the 

124 
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conditions of the blood—hemorrhage, exercise, 

exposure to changes in pressure (for example, 

going to a mountaintop, diving, high-altitude 
flying, parachute jumping), increase or decrease 

in temperature, bacterial invasion. Put opposite 
each the responses of the organism which tend to 

keep the condition of the blood stable. 

Make a report on the role of lysins, opsonins, 

agglutins, and precipitins in disease resistance. 
Examine blood clot and serum. Differentiate 

between serum and plasma. Discuss the produc- 

tion of antibodies in response to foreign sub- 

stances in the body, the relation to warding off 
infection, to hives and other allergic manifesta- 

tions. Study phagocytosis by adding a bit of 
India ink to a drop of fresh blood. 

Discuss the reactions to hot weather which are 
matters of common knowledge and experience 

(for example, flushing, thirst, lassitude, perspira- 
tion, desire for light clothing) in relation to the 
maintenance of a stable body temperature. Dis- 
cuss reactions to cold weather. 

Study diagram of human circulation. Note 
rich supply of blood to certain parts, as digestive 

tract and brain. Apply correct names to impor- 

tant blood vessels and trace their courses. Ask a 
student who has had first aid training to demon- 

strate “pressure points.” Relate to direction of 
flow and to presence of bony structures against 

which pressure is applied. 
To give a basis for a concept of blood in 

motion and of structure of blood and blood ves- 
sels, watch blood circulate in a frog’s web (or in 
gills or tail of salamander tadpole, or in tail of 

small fish) under microscope or through micro- 
projector.[1] Name corpuscles and plasma. Dif- 

ferentiate blood flow in arteries, veins, and 
capillaries. 

To strengthen concept of continuous movement 
of blood through their own bodies, have students 

feel pulse in wrist, front of ear, neck, and knee; 
listen to heartbeat. 

Take pulse and respiration rates before and 
after exercise. Discuss the ways in which exer- 
cise, excessive excitement, and emotional strain 

modify the condition of the blood, and the results 
of changes in pulse and respiration rates in 

counteracting these changes. 

Show motion pictures on the passage of ma- 

terials to and from cells through lymph and blood. 

To give a more precise idea of size, shape, and 
texture of blood vessels, their relation to heart, 

and distribution, dissect a small mammal. Trace 

circulation. 
Discuss ways in which knowledge of the circu- 

lation of the blood has been obtained. Study the 
social and scientific background for Harvey's dis- 
covery of the circulation of the blood and the 
reasons for the opposition to his theory by his 
contemporaries. Discuss Harvey’s experiments 
as illustrations of scientific method. Trace the 
refinements of Harvey’s theory as more facts 
became available with the discovery of the micro- 
scope and other scientific advances illustrating 
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the dependence of scientific knowledge upon tech- 
nical developments. 

Demonstrate the gross anatomy of the urino- 

genital system by means of models or charts. 

Explain the functions of each of the parts. Indi- 
cate the changes that occur in the blood as it 

goes through the kidneys. 

Demonstrate a mammalian kidney with the 

adrenal gland attached. Procure a thyroid and 

pancreas and demonstrate them in a similar way. 

Indicate how these organs regulate metabolism. 

Show the effects of adrenalin on circulation by 
arranging an apparatus for demonstrating the 

circulation in the web of a frog or the tail of a 

tadpole, and noting the effect of a drop of 
adrenalin on the arterioles. Discuss the uses of 

adrenalin in stopping hemorrhage. 

Show films ot the human digestive processes at 

work. Indicate what changes occur in foods as 

they pass through the alimentary canal, the 
mechanical and chemical factors involved, and 

the manner in which digested foods are absorbed 

into the blood and lymph: for example, show that 

the digestive effect of saliva is to turn starch to 

sugar. Demonstrate that glucose passes through 

a membrane while starch does not, indicating the 

pertinence of this fact for human digestion; 

demonstrate the functions of the gastric juices 

in changing proteins into chemically simpler 

peptones and proteoses ; demonstrate the digestion 
of nutrients by pancreatic juices. . 

Discuss Beaumont’s pioneer observations of 

human digestion. Use his work as an illustration 

of scientific method. 
Demonstrate the process by which the human 

organism obtains oxygen through respiration 

Trace the course of oxygen derived from breath- 
ing and show how it is absorbed. Indicate the 

way in which exercise increases the production 

of carbon dioxide. 

GOOD FOODS AND BAD MEDICINES 

The human body, in order to function 

adequately, must be sustained with ade- 

quate energy-giving and nutritious foods. 

It must not be poisoned by harmful drugs 

or abused by faulty hygiene. There has 

accumulated a substantial body of knowl- 

edge on good foods and bad medicines that 

can contribute much to the maintenance of 

health. 

tion about foods, drugs, and cosmetics is 

However, the consumer’s informa- 

largely that gained from advertising, which 

reaches the prodigious dimensions of more 

than 400 million dollars a year for patent 

It is the 

activities to 

and proprietary medicines alone. 

function of the 

acquaint students with knowledge that will 

following 
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enable them to make correct selections and 

to reject the spurious. 

Choice of Proper Foods 

The science of nutrition has emerged 

from its faddist beginnings into a_ full- 

fledged branch of medicine. Discovery of 

the causes and cures of diseases of mal- 

nutrition has made knowledge of diet im- 

portant not only for the treatment of dis- 

ease but for the maintenance of health. It 

is necessary, therefore, to devise activities 

which will at the same time develop con- 

fidence in the new knowledge of human diet 

and also a healthy skepticism toward the 

exaggerated claims of advertised products. 

While stress in these activities is laid on 
the presentation of positive findings in rela- 

tion to diet, misconceptions involved in 

common food fallacies are at the same time 

combated. 

Discuss the fundamentals of good nutrition: the 
energy foods (starches, fats, and sugars) ; protein 
foods (meat, fowl, fish, milk, and cheese, vege- 

tables); minerals (calcium, phosphorus, iron, 

copper); vitamins. Analyze nutritional require- 
ments and standards for normal individuals at 

different ages and maturity levels. 
Have students keep a record of the foods eaten 

each day during a five-day period. Determine 
whether the diet was balanced and whether there 
was a sufficient quantity of vitamins, calories, and 

minerals. 

By use of posters show the vitamin and mineral 
content, and the caloric value of common foods in 
relation to cost. 

To illustrate diet deficiency feed white rats or 
guinea pigs on a diet lacking some essential 

nutrient or vitamin and compare their growth 

with those receiving an adequate diet. 

Discuss nutritive value of foods as affected by 

genetic and productive factors, processes, and 

preparation; effects of milling, sterilizing, freez- 

ing, pasteurizing, and drying; methods of prepar- 

ing and cooking; influence of ageing, storage, and 

shipping. Evaluate the claims of commercially 

processed vitamin-enriched foods. 

Discuss the problems involved in reducing diets. 

Collect and analyze advertisements of patent re- 

ducing treatments. Plan a week’s diet for a per- 
son who is overweight and needs to reduce and 

for one who is underweight and wishes to gain. 

Collect and analyze advertisements and -litera- 

ture of food faddists. Appraise the claims of 

these groups with careful scientific objectivity, to 

develop in students correct methods of handling 

controversial issues. Avoid stimulating mere 
prejudicial rejection on the part of students, yet 
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prepare them to be able to detect fraud; impos- 
ture, and falsehood based on ignorance. 

Clarify common food fallacies, such as the fol- 
lowing: Meats cause high blood pressure, kidney 
disease, and rheumatism; skimmed milk is value- 
less; fruit juices are acid foods; eating acid fruits 

or vegetables and starches together causes indi- 
gestion; “acidosis” or “acid in the blood” is 

caused by eating combinations of bread and meat, 
fruits and starches, or proteins and starches; acid 

foods cause “ gastric hyperacidity,” the symptoms 
of fatigue, “ jitters,” and headache; milk and fruit 

juice taken together will upset the stomach; 

starches and protein foods are incompatible and 
should be eaten at distinct and separate meals; 
only one kind of starch and one kind of protein 
should be eaten at a time; milk and seafood, 
lobster and ice cream, pickles and ice cream 

should not be eaten at the same meal; spinach is 

rich in iron; roughage foods are necessary for 
good bowel function; indigestion is caused by 
“rich” foods; the use of salt may be responsible 
for Bright’s disease, high blood pressure, cancer, 
and tuberculosis ; white meat is less harmful than 

dark or red meat; raw meat is more healthful 
than cooked meat; raw eggs are more nutritious 

or more digestible or more readily assimilated 

than cooked eggs.[2] 

Discuss traditional diets of the various national 
groups in the United States, indicating the food 
values of their most popular foods, that is, where 
they get their requisite vitamins, and what types 
of food are lacking. 

Illustrate the wide divergence of human diet 

by discussing the foods eaten among the different 
isolated and primitive peoples of the world, for 
example, the exclusively meat diet of the 
Eskimos. Explain adaptations to food resources 
and to energy demands in various climates. 
Although these groups survive, available evidence 

does not prove that their diets are the best pos- 

sible for them. 

Mark locations of fillings and unfilled cavities 
on diagrams of the tooth arrangement of the 

upper and lower jaws, or obtain for class use a 

series of such charts from the school physician 
or nerse. Discuss the relation of tooth growth 
and decay to nutrition. 

Discuss the findings of the Selective Service 

Board on the manner in which malnutrition 
affected the rejection rate of the American mili- 
tary forces. 

Discuss the extent and distribution in the 
United States by region and by income groups 

of major deficiency diseases euch as scurvy, pel- 

legra, beriberi, and rickets. Analyze the degree 

to which these diseases are controllable if avail- 
able knowledge were utilized. 

Present findings of any studies of malnutrition 

that have been made in your school, in your 
community, or in your state. Focus on the fact 

that malnutrition is not a remote problem, but 

that every community has wide room for 
improvement. 

Discuss the conquest of famine, the technical 
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developments in agricultural machinery and proc- 

esses as related to the improvement of the quan- 
tity and quality of foods. 

Analyze the diets provided in the reformatories, 
jails, and prisons in your community and state 
to learn whether they are adequate to prevent 

deficiency diseases. 

Discuss provisions now made against nutri- 
tional diseases on long sea voyages. To illustrate 

early efforts to control nutritional diseases, ex- 
plain the origin of the term limeys as applied to 
British sailors. 
Have students report on the researches of men 

whose work has been outstanding in the conquest 
of nutritional diseases, for example, Lind, Gold- 

berger, Elvehjem, Spies. 
Utilize references to nutritional diseases which 

have arisen in other classes, as, for example, in a 
literature class, the account of scurvy in Dana’s 
Two Years before the Mast. 

Discuss how the war production program 
affects the food needs of the civilian population 
in the United States. 

Discuss how the war has increased nutritional 
diseases of European populations in view of the 

scarcity of necessary foods. 

Test foods for adulterants: milk for coal-tar 
dyes and formaldehyde ; meat for artificial color- 
ing, boric acid, potassium nitrate, starch, and 

sulfurous acid. 
Discuss psychological problems involved in 

training children for proper food habits; the de- 
velopment of irrational food aversions; ways to 
avoid them and to recondition such attitudes. 

Analyze the causes of food poisoning through 

food contamination and discuss methods of emer- 
gency treatment. 

Avoidance of Harmful Drugs 

Self-medication without benefit of expert 

medical guidance involves great hazards. 

The Federal Pure Food and Drug Act 

requires that potentially harmful drugs be 

listed on the labels of the bottles, but it 

does not fully control the claims made for 

these drugs and medicines in advertising 

copy. The consumer therefore requires 

guidance on the types of drugs that are 

particularly dangerous to human health and 

the cautions that are necessary in the use 

of proprietary drugs and household reme- 

dies. The activities proposed here are 

designed to afford such guidance. 

Trace the history of drug therapy from the 
medicinal herbs used by early man to science of 
today; the importance of the work of Paracelsus 
and Sydenham; the beginnings of the replace- 

ment of bizarre medication by systematic pharma- 

cology; the importance of the influence of botany 

and chemistry upon the scientific use of drugs; 
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the period of pharmacological nihilism when all 
drugs were suspect; the advent of synthetic 
drugs; the development of experimental pharma- 

cology; the establishment of the values of 

specifics ; the discovery of arsphenamine, prontosil, 
the sulfa compounds, penicillin, and other agents, 

which open up new vistas of successful drug 

therapeutics. Explain how the harmfulness of 

certain drugs is proved. 

Discuss the importance of consulting a physi- 
cian before using drugs; the dangers of taking 

medicines because they cured other family mem- 
bers or neighbors; the hazards of following the 

advice of druggists. 

Tabulate the indispensable contents of an aver- 
age household medicine chest and explain the uses 

of each item. 
Acquaint the class with the publications of con- 

sumers’ groups, the Council of Pharmacy and 

Chemistry and the Bureau of Information of the 

American Medical Association, and the Federal 
Trade Commission that expose false and mis- 

leading claims of drug and patent medicine 
manufacturers. 

Explain the dangers of acetanilid, acetpheneti- 

dine, and antipyrine as pain killers; note that the 

Federal Pure Food and Drug Act requires that 

preparations containing these drugs must have a 

statement indicating their presence; underscore 

in this way the importance of reading the labels 
of drug preparations and interpreting their mean- 

ing; show the misleading and sometimes fraudu- 

lent claims for these preparations in radio and 

newspaper advertising. 

Discuss the limited usefulness of liniments, 

rubbing salves, and plasters for the relief of pain- 

ful muscles. Show misleading claims and exces- 

sively irritant effects of many of the widely 
advertised patented products. 

Review critically the claims of advertised 

remedies for colds: pills, nose drops, jellies, in- 

halants, mouthwashes, ointments, alkalizers. 

Discuss the dangers of treating a cough with 

“cough medicines.” Indicate the need for medical 

advice concerning a lingering cough to avoid the 

development of serious complications. 

Show the fallacies involved in the use of “ dis- 

infectant " mouthwashes for “ halitosis,” indicat- 

ing the diverse causes of bad breath and the ways 
to treat them. 

Discuss the misconceptions concerning consti- 

pation that lead many people to utilize laxatives 

and cathartics unnecessarily ; indicate the hazards 

of taking laxatives that are irritating to the intes- 

tines, and colon; analyze the excessive and mis- 

leading claims of patent remedies for constipation. 

Analyze the errors involved in the widespread 

belief in “acidosis” and the values of alkalizers. 
Review critically the advertised 

remedies for “ indigestion.” 

Discuss the use of sedative drugs, such as the 

bromides and the so-called hypnotic drugs (bar- 

bituric acid and its derivatives). Indicate that 

because of the dangers of bromide intoxication 

claims of 
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involved in their use, any proprietary preparations 

containing bromides must indicate this fact on 

their labels. Interpret the significance of the fact 
that in the case of barbituric acid and its deriva- 
tives the additional statement must be printed on 
the label, “ Warning—May Be Habit Forming.” 

Analyze the advertised claims of the potions 
and elixirs, pills and tablets, yeast cakes and pre- 

pared foods that are on the market as “tonics” 

for poor appetite, insomnia, anemia, fatigue, and 

a host of other ailments. 
Discuss the harmful effects of morphine, 

cocaine, hashish (marijuana), and other such 

habit-forming drugs whose sale is _ closely 
regulated. 

Discuss experimental findings on the effects of 
alcohol in small and large doses on coordination 

and on muscular performance. Indicate the diffi- 
culty in arriving at scientific judgments in this 
field because of propaganda and the moral and 

ethical overtones that have come to be associated 
with the question. Test the methods and findings 
of recent studies in this field to learn whether 
they are valid as scientific documents.[3] 

Present conflicting claims concerning the dan- 
gers of tobacco; the relative amounts of nicotine 
in cigarettes, cigars, and pipe tobacco. 

Explain the dangers of patent medicines sold to 
cure arthritis which contain cinchophen or 
atophan, and the restriction of their use by the 

Federal Pure Food and Drug Act. 
Analyze cosmetic creams, astringents, and face 

lotions. 
Discuss dangers of hair-removing preparations, 

especially those that contain an alkaline sulfide. 
Analyze claims of cures for baldness and 

dandruff. 
Indicate hazards of “ pimple pills” and “ blood 

purifiers” that contain potassium iodide. 
Discuss the claims of the patent medicines for 

kidney and bladder trouble, for diabetes, for 
goiter, for cancer. 

Analyze the special types of appeal used by 
advertisers of patent medicines, such as the play 
upon personal insecurity, the craving for beauty 

and appeal to the opposite sex, and popular sym- 
bols of pride and prestige. Illustrate the use of 
devices of suggestion to avoid clear statement of 
claims and so to elude prosecution for fraud. 
Have students keep notes of flagrant types of 

misrepresentation ; mount advertisements on bul- 

letin boards with critical comment. 

MEDICAL CARE 

When to consult a physician, what type 

of physician to consult, how to cooperate 

with the doctor and to understand his pro- 

cedures are immediate and practical ques- 

tions which the following activities are 

framed to help answer. In the background 

of all these questions lie the significant prob- 

lems of the availability of medical services. 
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These have been agitating America par- 

ticularly since the findings of the National 

Health Survey have indicated the inade- 

quacy of medical care available to members 

of the lower income groups and to the rural 
population. The activities offered in this 

field will enable students to appraise the 

health resources of their communities and 

guide efforts toward their improvement. 

Consulting a Physician 

The need for expert guidance in medical 
care is a corollary of the dangers of self- 

medication by drugs and patent medicines. 

When to call a physician requires discuss- 

ion because preventive medicine is so recent 

that it is still the general and hazardous 

practice to delay calling for medical care 
until the patient is “ really ill.” On the 
other hand, there are many ways in which 

the layman can facilitate the work of the 

physician—through first aid care, proper 
caution in matters of health and good 

morale when sick. [4] The drain upon 
the medical profession because of the needs 
of military forces and the problems of the 

civilian population in time of war under- 
score the importance of this phase of health 

education. 
Discuss the need for early consultation with a 

physician in time of ill health even in the case 
of such illnesses as have been traditionally re- 
garded as inconsequential; the need for periodic 
health examinations ; and the need for a follow-up 

of the doctor’s findings. 
Review what to do in emergencies, that is, the 

use of first-aid methods, such as measures for 
stopping bleeding from wounds; use of the ther- 
mometer; methods of artificial respiration. In 
each instance interpret why, as well as how, a 
method is used. 

Set up criteria by which the competence of a 
physician can be measured—the length and char- 
acter of his medical training, his internship, his 
hospital association, his specialty. Indicate the 
difficulties involved in such appraisal and the 
need for more guidance to the consumer of medi- 

cal care by the medical profession itself. 

Understanding of the Procedures of Physi- 
cians 

There is considerable room for improve- 

ment in patient-doctor relationships. Mis- 
understanding arises out of the failure of 
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the layman to understand the purpose of 

much of what happens to him in doctors’ 

offices. He does not as a rule know the 

uses of the doctor’s instruments, the rea- 

sons for the tests to which he is submitted, 
and the theory and practices underlying the 

doctor’s advice and treatment. Such igno- 

rance breeds mistrust and fear. Activities 

are here suggested to dissipate the basis 

of this unsatisfactory relationship by con- 
veying knowledge of instruments and of 

theories of medical care that are readily 

understandable to laymen. 

Demonstrate the uses of the stethoscope, fluoro- 

scope, ophthalmoscope, otoscope, and other instru- 

ments in the doctor’s office in such a way that 
when the student consults a physician the signifi- 
cance of these tools will not be obscure. Unless 
the teacher is specially trained, it may be neces- 
sary to have a physician or nurse handle this and 
some of the following demonstrations. The 

teacher will be able to follow up the technical 
demonstration by discussion of the interpretations 
of the findings. 

Explain reasons and significance of routine 

tests made in a physician's office; hemoglobin 
determination (indicate the normal variability of 
blood counts; discuss findings in terms of the 
oxygen-carrying power of the red cells; relate 
white cell count to presence or absence of infec- 
tions; interpret causes of changes in blood 
count) ; blood pressure determination (find nor- 
mal variability for different sexes and different 
ages; relate to efficiency of blood in carrying 

materials over the whole body) ; a basal metabo- 
lism determination (relate the heat production in 
the body, to carbon dioxide-oxygen ratio) ; 
urinalysis (relate findings to composition of blood 
and maintenance of normal composition and con- 

centration; discuss normal individual variability 
and need for more than one test for basis of a 
diagnosis). 

Discuss the significance of the typing of blood 
used in blood transfusions. Indicate relevance of 
the discussion to the Red Cross blood bank. 
Explain why it is not necessary scientifically to 
separate Negro and white blood in the blood bank. 
Discuss reasons for this separation. 

Discuss the importance and uses of vitamin K 
in preventing hemorrhages, and particularly in 
lowering the infant death rate. 

Explain the functioning of the electrocardio- 
graph. Show the major types of heart diseases. 

Visit an X-ray laboratory and note how plates 
are taken and interpreted. 

Discuss the use of radium and radioactive sub- 
stances in modern medicine. Explain the use of 

“tagged atoms” for experimental work. 
Discuss the uses of infrared rays, diathermy, 

and ultraviolet rays in medical treatment. 
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Discuss the values and uses of different types 
of anesthetics in surgery. 

Give the students a summary understanding of 

what is known about some of the more prevalent 

functional diseases, which they may have encoun- 

tered through the illnesses of members of their 

families: for example, duodenal and stomach 
ulcers; gallstones and diseases of the gall blad- 

der; kidney diseases; colitis; arthritis; cancer ; 
glandular disorders; mental disorders. 

Discuss the widely held misconception that 

“growing pains” are inevitable. 

Prepare tabular review of present knowledge 

of important communicable diseases, listing the 
name of the disease; the germ which is the 

causative agent, if it is known; the source of 

infection; the agent and mode of transmission; 
whether a method of laboratory recoguition is 

available; whether a method of active immuniza- 
tion is practiced; and whether there are special 
methods of control. Explain. incubation days, 
periods of greater communicability, and usual 

length of quarantine or isolation.[5] 
Demonstrate by prepared slides and by illus- 

trative posters the criteria by which a physician 
identifies the different types of disease-causing 

microorganisms: the cocci (pneumococci, gono- 

cocci, staphylococci, and streptococci) ; the bacilli 
(anthrax, tetanus, typhoid, diphtheria, dysentery, 
tuberculosis); the spirilla (relapsing fever) ; 

spirochetes (syphilis); the protozoa (amebic 

dysentery, malaria, trypanosomes that cause 
African sleeping sickness); the fungi (athletes 

foot). 
Discuss the manner in which physicians 

identify the diseases caused by filterable viruses 
(for example, smallpox, chicken pox, measles, 

German measles, yellow fever, trachoma, infantile 

paralysis, mumps) to illustrate physicians’ tech- 
niques of diagnosis. 

Describe the effects of the ultramicroscope and 
of powerful centrifuges on virus researches. 

Illustrate methods of making cultures of bac- 

teria to indicate the manner in which laboratories 

assist in the diagnosis and treatment of diseases. 

(Do not handle living pathogenic bacteria. The 

use of nonpathogenic forms is adequate to serve 

the purposes of the demonstration. ) 
Discuss insects and other animals as disease 

transmitters. Illustrate adaptations and habits 

of rats, ground squirrels, head lice, body lice, 
tsetse flies, mosquitoes, and other disease carriers 
as they relate to disease transmission and control. 

Prepare reports on the life cycles of pathogenic 
protozoa: of the tapeworm, trichina worm, and 
hookworm and their bearing on disease transmis- 
sion and control. 

Discuss ways in which personal cleanliness is 
related to disease transmission. Explain need for 
antiseptic precautions. Describe purpose and 
methods of achieving asepsis. Evaluate the effec- 
tiveness of different types of disinfectants. 

Explain each step of the process of smallpox 
immunization and its effects. 
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Have the Dick test for scarlet fever and the 

Schick test for diphtheria demonstrated. Explain 
antigenic reactions. 

Demonstrate the use of serums for treatment 
of allergies and explain principles involved. 

Discuss our knowledge and ignorance about 

colds, influenza, and grippe, their causes, most 

effective treatment, and means of prevention. 

Describe recent medical advances in the treat- 
ment of gonorrhea and syphilis. 

Describe the treatment of tuberculosis by 
pneumothorax and by the Rollier sun-bathing 

system. Stress the need for early diagnosis, 
proper working and living conditions, rest, and 

adequate and nutritious food. 
Show motion pictures containing sequences 

relating to communicable diseases, such as “ Life 

of Louis Pasteur,” “ Yellow Jack,” “ Prisoner of 
Shark Island,” and “ Jezebel.” Discuss these in 
class, emphasizing what was learned concerning 
the nature of the diseases and their effect on the 
people involved. 

Have classroom reports on such books as 

De Kruif’s Why Keep Them Alive? 
Listen to radio programs pertaining to com- 

municable diseases and use them as a basis for 
classroom discussion. : 

Make reports on the life and work of Louis 
Pasteur, noting in particular his methods of 
working out problems; on Walter Reed and yel- 
low fever, emphasizing his methods of defining 
and attacking the problem; on Edward Jenner 

and vaccination; on Koch’s work and its impor- 
tance to scientific thinking about germ diseases; 

on Trudeau and tuberculosis; on Rollier. 
Discuss reasons for vigorous opposition to 

Jenner, Pasteur, and the germ theory of 
disease. [6] 

Collect clippings about new discoveries of 

causes or identification of communicable diseases. 

Report on these, or place on bulletin boards, or 
classify and place in a scrapbook with personal 
comments. 

Appraising the Medical Resources in the 

Community 

Increased recognition of the achieve- 

ments of the medical profession is leading 
more people to seek medical care than ever 
before in history. At the same time, the 

new scientific methods of diagnosis and of 

therapy require tests and instruments that 

have increased the costs of medical services 

considerably. As a result, problems have 

arisen which are associated not with the 

scientific competence of physicians but with 

the distribution of medical services within 

the price range of the consumer. When 

adequate medical resources and hospital 
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facilities are absent illness and death rates 

are high. There is wide disparity in the 

distribution of medical services in different 

income groups within communities and be- 

tween rural and urban regions largely for 

financial rather than scientific reasons. The 

activities proposed here are patterned to 

give knowledge and understanding of this 

situation and to suggest possible solutions. 

They may also offer materials for the voca- 

tional guidance of students. 

Investigate the health resources of your com- 
munity: the number, training and specialties of 
physicians and surgeons; the hospitals, clinics, 
and sanatoria—their facilities, staff, and financial 

backing, number of private registered nurses and 

public health nurses. Compare findings with 
available information on conditions elsewhere. 

Report on available studies on the medical pro- 
fession: length and type of training and intern- 
ship, cost of training and of setting up office, 
problems of securing practice and of hospital 
affiliation, and average incomes. Ask a local 

physician to speak to the class on these problems 
as a physician sees them. Consult medical school 
catalogues for requirements for entrance and 
graduation. Discuss the methods of certification 

by the examining boards of various medical 
specialties. [7] 

Study your state laws regulating the licensing 

of a physician. Discuss the extent to which they 
protect the community as compared with the 
laws of other states. Note particularly whether 
a basic science certificate and internship are 
required. 

Ask the school nurse to discuss length and type 
of training, duties, conditions of work and earn- 

ings of nurses. Study laws concerning nurses; 

consult catalogues on nurses’ schools. 

Discuss the functions and training of pharma- 
cologists, of clinical laboratory technicians, of 
physical therapy technicians, of occupational 
therapists, of public health workers, of optome- 

trists, of dentists, of hospital social workers, and 

others whose work relates to maintaining the 

health of the community. 

Collect data on osteopaths, chiropractors, mid- 

wives, and other persons dealing with health in 
your community. Note length of their training 
as compared with that of physicians and surgeons. 

Have your students keep a record over a con- 

siderable period of the money spent by their fami- 

lies on medical care. List costs for any type of 
medical services including costs of all medicines 

and household remedies. Compare findings with 
those of the U. S. Department of Labor Study of 
Consumer Purchases. [8] 

Obtain information on the history of local hos- 

pitals to show the increasing importance of hos- 

pitals in medical care. Analyze reasons for this 
recent development. 

—- th tn ot. 2 
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Analyze reasons for high costs of medical care 

in terms of the development of modern medicine 

and its need for laboratory tests, x-rays, and 
hospitalization. 

Investigate to what extent adequate medical 

care is within the cost range of the lower and 

middle income groups in your community. 

Discuss the functioning of group health and 

hospital plans in your community. Analyze the 

features of proposed group health plans and those 

functioning in other communities. Obtain infor- 
mation on the stand taken on group health plans 

by the American Medical Association and the 

Committee on Research in Medical Economics 
and evaluate them. 

Visit a local dispensary or clinic to observe 

treatment given patients. 
Visit the local public health laboratory and 

have its work explained. 

Visit a hospital and go through its laboratory, 
X-ray rooms, operating rooms, and wards. Ob- 

serve methods used to obtain asepsis and learn 

about precautions taken in isolation ward to pre- 
vent spread of communicable diseases. 

Investigate health insurance costs, using sample 

policies of several companies. Compare these for 
such features as rates and. protection offered. 

Obtain information on what clauses in a policy 
are most desirable. 

Appraise the plans being discussed in relation 
to extension of Federal aid to health as an aspect 
of the Social Security program. Study present 

aid given to local and state health agencies by the 

Federal government. 

Find out how much of the local community 
chest fund is allotted to combating communicable 
and other diseases among indigent families. Try 

to relate the existing situation to the apparent 
needs. 

Study the work of social agencies and organi- 

zations in your community concerned directly or 

indirectly with health: for example, the Red 

Cross, the local branch of the National Tubercu- 
losis Association, agencies working with nutrition 

and syphilis. Study personnel, methods and scope 
of work, financing, and clientele. 

Discuss the organization of health services in 

the military forces, that is, the manner in which 

the youth of the United States are provided with 

medical care in the training camps and in the 

field. 
Discuss the volunteer health programs under 

way in your community stimulated by the need 
for protection and improvement of the health of 

the civilian population in wartime, for example, 

local activities arising out of the national nutri- 

tion program. 

ROLE OF THE COMMUNITY IN HEALTH 

The maintenance of human health is not 

only a personal matter but also a com- 

munity responsibility. An individual's 

habits of health and hygiene may be excel- 
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lent, his choice of foods proper, his behavior 

in the use of drugs and medicines intelli- 

gent, and his attitude and practices toward 

medical science and the physician’s role in 

medical care enlightened. Yet this will not 

be sufficient to maintain him in good health 

and to protect him from disease. There are 

many factors in health and disease over 

which the individual has little control and 

for which he must depend upon the com- 

munity for his protection. Community 

protection of the water and food supplies 

from contamination, proper sewage, meas- 

ures to prevent and check the spread of 

communicable diseases by immunization 

and isolation, factory and mine safety and 

health legislation, health provisions in 

housing laws, are all impotant factors in 

determining the health of the people of any 

community. The extent to which the com- 

munity has and enforces public health laws 

depends largely on the alertness to the need 

for such protection on the part of the people 

who make up the community. An under- 

standing by students of the health problems 

of the community and of measures and 

resources of meeting them will help make 

them active participants in this important 

phase of community life. 

Discuss provisions existing in the community 
for safe water and milk, pure food, sanitation, and 

sewage and industrial waste disposal ; quarantine ; 

mosquito and fly control; rodent control; facili- 

ties for immunization against communicable dis- 

eases; precautions against the spread of hook- 

worm and amebic dysentery, undulant fever, 

trichinosis, typhoid, and other food, water, or 

milk-borne diseases; control of dusts and fumes; 
procedures of recording vital statistics; methods 

of regulating standards of vaccines and antitoxins. 

Analyze laws relating to public health services 

in your community as compared with other com- 
munities. Suggest changes and additions in them 

that would increase their effectiveness. Investi- 
gate the degree to which they are enforced. 

Look up the tax rate for health services in your 

community as compared with other communities. 

Analyze the manner in which the money is allo- 

cated and expended. Draw up a proposed budget 

for adequate health services and determine the 

tax rate required to finance it. 

Discuss laws and practices in your community 

relating to occupational diseases and accidents; 

safety codes, factory and mine inspection regu- 

lations, and workmen's compensation laws. Find 
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out the accident and occupational disease rates 

and study how they can be lowered. 
Discuss health aspects of housing laws as they 

related to safety, sanitation, ventilation, and con- 

gestion. Make a survey of different neighbor- 
hoods in your community to determine the extent 
to which they are enforced. Note special health 
problems of slum areas. 

Discuss efforts to control malaria by the drain- 
ing of marshes. Evaluate success of such a pro- 
gram in your community. 

Investigate the kind of communicable diseases 
which have occurred in your community during a 
three-, five-, or ten-year period, learning the num- 
ber of cases of each disease and resulting deaths 
each year. Compare the rates of illness and death 
in your community by age, race, national groups, 

income groups, and sex with those of similar 
groups in the state and nation. Study trends and 

reasons for existing differential rates. Explain 
the different bases on which illness and death 
rates are computed and illustrate the reasons for 
their use. 

Prepare spot maps of the community, showing 
the distribution of communicable diseases. If the 
town is sharply divided on an economic basis, see 
whether there is any correlation between incidence 
of diseases and low- and high-income neighbor- 
hoods of the community. Do the same for neigh- 

borhoods in which specific races and national 

groups predominate. Analyze causes for the fact 
that higher rates are usual among Negro groups. 

Prepare maps of the state showing the distribu- 
tion of various communicable diseases by counties. 
Compare rural sections of the state with urban 
areas. 

Make a map of the facilities provided in your 
community for public parks and other recrea- 

tional facilities and discuss the extent to which 
they meet needs for health, particularly in con- 
gested areas. 

Visit a dairy to observe scientific pasteurization 
and handling of milk; note reasons for pasteuri- 

zation and for precautions in handling milk. Dis- 
cuss regulations on ice cream manufacture and 
storage. 

Visit the local water supply plant to observe 
steps in the purification of water. Invite a bac- 
teriologist to explain chemical and bacteriological 
tests performed. 

Visit garbage-disposal and rubbish-disposal 

plants. If the community does not have modern 
facilities of this type, visit “dumps” and study 
these as factors in the spread of communicable 
diseases. 

Discuss syphilis control in your state and com- 
munity in terms of methods of reporting and 
following up cases; the availability of treatment 
to those who cannot afford to pay; access to free 

laboratory service for blood tests; supply of anti- 
syphilitic drugs to physicians and clinics; blood 

tests for expectant mothers; blood tests before 
marriage; the educational program. 
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Study regulations requiring physicians to regis- 
ter specific diseases in the local health depart- 
ment; explain the necessity for these rules. 
Discuss the procedure of reporting births and 
deaths in your community. 

Investigate ordinances pertaining to licensing 

and muzzling dogs, and discuss why such meas- 
ures are desirable. Report on the development 

and use of the Pasteur treatment against rabies. 
Interpret the local laws for the control of hay 

fever by the eradication of ragweed. Have 
students participate in enforcement of these laws. 

Study the decline in infant and child mortality 
in your community and throughout the country 
over a period of years by income groups, race, 
and nationality. Show achievements and tasks 
ahead. 

Collect data by photography and interviews of 

nonenforcement of existing health laws and of the 

need for new laws to improve the health stand- 

ards of your community. 
Study the provisions made by the board of edu- 

cation for the prevention and control of com- 
municable diseases among school children; study 
the rules of absences because of ill health and the 

care with which they are enforced. 
Have the students make sanitary surveys of the 

school building. Such a study should include the 
cleaning methods used and their relative effective- 
ness. Inspect classrooms, halls, stairs, and lava- 

tories; note hand-washing facilities in lavatories ; 
include locker rooms, showers, and swimming 

pools. 
Study the sanitation of food-handling, dish- 

washing, and general cleaning methods used in 
the school cafeteria. 

Look up laws relating to school ventilation 
systems and determine whether they are based on 
the most recent scientific principles of ventilation. 

Discuss the Federal Pure Food and Drug Act 
in relation to specific drugs which are considered 
harmful. Illustrate the degree of effectiveness of 
this law by indicating what has happened since it 
was passed. 

Discuss local regulations regarding the sale of 
alcohol and tobacco to children. 

Propagandize the community by exhibit of 
charts, graphs, photographs, clippings; by plays, 
debates, symposia, letters to editors of local news- 
papers, and relegations to local authorities, on 

solutions to problems of community health which 
your students have revealed. 

Report on the work of the United States Public 
Health Service and other Federal agencies en- 

gaged in health work, such as the Farm Security 
Administration on rural health and the Women’s 
Bureau on maternity care. Determine the extent 
to which your community benefits from their 
work. 

Report on the organization and work of local 

and state boards of health. 
Study graphs or charts to show the compara- 

tive incidence of smallpox in California since the 
repeal of the compulsory vaccination law; and in 
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some other state that has maintained compulsory 
vaccination over the same period of time. 

Discuss the causes of opposition to public health 
regulations. 

Discuss the meaning of public health regula- 

tions as they are related to political philosophies 
of individualism and social responsibility. 

Prepare maps showing the distribution of dis- 

eases by states from the United States Public 
Health Service and interpret them. 

On a world map, mark areas where diseases 

such as cholera, yellow fever, and plague are 
common. Account for the prevalence of these 

diseases in some countries and for their relative 
absence in others. 

Report on the relation of health conditions in 
other countries to health conditions in the United 

States; for example, the importation of infected 

malarial mosquitoes from Africa into South 

America. Discuss agencies involved in checking 

the spread of epidemics from one country to 
another and the methods used. 
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THE EDUCATIONAL AND PROFESSIONAL STATUS OF 

SCIENCE TEACHERS IN THE PUBLIC SCHOOLS 

OF COLORADO 

Apa E. Winans AND F. C. JEAN 
Colorado State College of Education, Greeley 

7. object of this study was to deter- 
mine the status of junior and senior high 

school science teachers in the public schools _ 

of Colorado. The investigation included 

both full- and part-time science teachers 

and covered such data as the size of the 
school in which they taught, science teach- 

ing combinations, subjects taught outside 

the field of science, undergraduate majors, 

professional training, and the degrees held. 

The data for the study were obtained 

during the school year 1941-1942. Work 

connected with the war effort and other 
duties have delayed publication. However, 

the writers believe that a similar study, 

made as soon after the war as school con- 

ditions become normal, would duplicate this 

one in all essential respects. 

. The questionnaire method was used. A 

carefully formulated two-page printed blank 

was sent to teachers in all Colorado cities, 

towns, and villages. Altogether 449 ques- 

tionnaires were sent out. By pursuing the 

usual follow-up techniques, returns suf- 

ficiently complete to be used were obtained 

from 263 teachers. That was 59 per cent 

of the total original list. These 263 re- 

sponses represented 228 different high 

schools, including practically all the schools 

in the state with an enrollment large 

enough to be of real significance in the 

study. 

Table I shows the classification of these 

schools on the basis of pupil attendance. 

The relatively sparsely settled conditions 

of Colorado is disclosed by the fact that 

62.28 per cent of the high schools from 

which returns were secured had 200 pupils 
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TABLE I 

CLASSIFICATION OF 228 HicH SCHOOLS IN 

CoLorapo WITH Respect TO PuPIL 

ENROLLMENT 

No. of Pupils School Frequency 
Enrolled in the In Each Per cent 

High School Enrollment Group of Total 

1- 100 101 44.30 
101- 200 41 17.98 
201- 300 36 15.79 
301- 400 14 6.14 
401- 500 6 2.63 
501-1000 14 6.14 

1001-2000 12 5.27 
2001-plus 4 1.75 

or less enrolled and but 13.16 per cent had 

an enrollment of more than 500. 

The term science in this study was used 

with a broad connotation and included any 

subject which may be included under natu- 

ral science headings, such biological science, 

chemistry, physics, and general science. 

Even in this inclusive sense the data reveal 

that the percentage of teachers who teach 

but one science is very low. Table II shows 

that of the 253 teachers reporting on this 
item but 11.07 per cent taught biology, 
7.11 per cent chemistry, and 6.72 per cent 
physics, exclusively. In other words 

slightly less than 25 per cent of the science 

teachers in the state had a program in 

which they taught but one of the special 

sciences. As would be expected, the 
responses showed that these specialized 

teachers were limited to schools in the- 

larger cities. 

TABLE II 

ScrENcE TEACHING COMBINATIONS oF 253 FULL- 

AND Part-TIME SCIENCE TEACHERS 

IN COoLorADO 

No.of Percent 
Subjects Taught Teachers of Total 

Biology (only) ............ 28 11.07 
Chemistry (only) .......... 18 7.11 
Physics (only) ............. 17 6.72 
General Science (only)...... 52 20.55 
Two sciences (various com- 
ee re 78 30.83 

Three or more sciences (vari- 

ous combinations) ........ 60 23.71 

Since the content of General Science cuts 

across several specialized fields, it cannot 
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be considered to fall logically into the “ one 

science ”’ category. It probably would have 

been more appropriate to place it under the 

“three or more sciences ” heading. If this 

were done the results would show that 

74.49 per cent of the science teachers in 

the state taught two or more science 

subjects. 

In the two-science combinations the sub- 

ject of biology was most often paired with 

general science for a percentage of 6.28. 

Chemistry stood next in the teaching com- 

bination with biology at a percentage of 

3.53. 
Chemistry, like biology, in the two- 

science teaching combination was most fre- 

quently paired with general science. Here 

the percentage was 7.45. Its next most 

frequent combination was with physics for 
a percentage of but 3.53. 

Individuals outside the larger high 

schools who designated themselves as 

physics teachers apparently were required 

to adjust themselves to an especially varied 
teaching program. There were no two- 

science combinations listed with physics 

as the leader. In the three-science com- 
bination physics stood with biology and 
chemistry most frequently. But even here 

the frequency was very low with a per- 

centage of but 1.57. The physics, biology, 

chemistry, and general science grouping 

was found to have the same percentage. 

Whether the war with its emphasis on 
aviation and other types of mechanized 

combat has changed the picture and given 

greater emphasis to physics we have no 

way of knowing. We suspect that it has. 
Even if true, only the future can reveal 

whether that shift will be a permanent one. 

It was also found that natural science 

teachers were frequently required to teach 

subjects outside the field of science even in 
the broad sense that we have defined it. 
Table III shows in ranked order all these 

subjects which had a percentage frequency 

of more than 5 per cent. The highest fre- 

quency was found for mathematics, as 

might have logically been expected ; physi- 
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TABLE III 

Tue Leapinc Susyects OvuTSIDE THE FIELD OF 

THE NATURAL SCIENCE WHICH ForMED 
TEACHING COMBINATIONS WITH 

THESE SCIENCES 

Number of 

Teachers Per cent 
Reporting Each of Total 

Subject Combination Combinations 

Mathematics. ...... 106 30.72 
Physical Education. . 59 17.10 
ae 20 5.80 
I goo Oe whence 19 5.51 

Industrial Arts ...... 19 5.51 

cal education stood next with a percentage 

value of but little more than one-half as 

great. History, English, and industrial arts 

stood next and trailed off in that order 

but with a much lower frequency. Other 
combinations with still lower percentages 

covered a very wide range of subjects. 

Commercial branches appeared (4.35 per 

cent); shop (3.77 per cent); and music 
(3.48 per cent). Twenty-six other sub- 

ject combinations, such as general educa- 

tion, agriculture, home economics, and 

social science, ranked still lower. 
The amount of science education which 

252 full- and part-time science teachers had 

acquired in preparation for their work also 

presented an interesting picture. The re- 
sults for the 174 teachers with the most 
training are shown in Table IV. One hun- 
dred seventy-four teachers, or 69.04 per 
cent, had earned more than fifty quarter- 

hours credit in science, while 78, or 30.95 
per cent, had less than fifty quarter-hours 
credit. The two part-time teachers lowest 
in this respect had less than ten quarter- 

TABLE IV 

NuMBER oF QuaArTER-Hovurs CrepIt IN SCIENCE 
EARNED BY THE 174 FuLt- AND Part-TIME 

ScriENCE TEACHERS IN COLORADO WITH 

THE Most TRAINING IN SCIENCE 

No. of No. of 

Quarter-H ours Teachers 

RE Tw coh wecuex nan sen 63 
I occ Ning tees te eek aay 18 
Sea pa gece: & 18 
TF ye aOR ee ee 26 

ME Seared Ceca. Cha nanan 25 
De ts nice ts ghpanth cn Salat 24 
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hours each. Considering the wide spread 

of science subjects taught, this preparation 

for the group as a whole can not be said 
to be adequate. Especially is this true since 

the teachers who had earned the most 

science credit were the one-subject teachers 

in the larger systems. 

Two hundred thirty-nine full- and part- 

time science teachers indicated their under- 
graduate majors. Seventy-one of this 

group had majored in more than one field. 

The results by subject are shown in Table 

V. The figures show chemistry to be in 

the lead with the biological sciences, mathe- 

matics, physics, and unspecialized science 

following in that order. The individuals 

who majored in other subjects, such as 

education, agriculture, physical education, 

and social studies may have been part-time 

science teachers. 

TABLE V 

THE Mose FREQUENT UNDERGRADUATE MAJors 
TAKEN BY 239 FuLL- AND Part-TIME 

Science TEACHERS IN COLORADO 

Subject Frequency Percent 

NS EEO CEE 69 28.87 
Biological Science (Biol- 

ogy, Botany, Zoology) .. 60 25.10 
Perr ere 52 21.76 
I Le ok eae ahs 28 11.71 
Science (Without further 

specific designation)... .. 28 11.71 
Sere 19 7.95 
PMTICIS, 655.5 02s cones 8 3.35 
Physical Education ....... 8 3.35 
Social Studies ........... 7 2.93 

Thirteen other subjects, such as English, 

home economics, industrial arts, and psy- 
chology also appeared with still lower 

percentages. 
The professional courses taken by the 

252 full- and part-time natural-science 
teachers in the state who responded to this 
item revealed that the great majority of 

them had taken training in how to teach as 

well as what to teach. Table VI presents 

the data for the thirteen professional 
courses taken with the highest frequencies. 
{t is rather gratifying to find that the sub- 

jects taken most frequently were educa- 

tional psychology and student teaching; 
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for these areas, when properly taught or 

administered, are certainly among the most 

valuable for a prospective teacher. 

TABLE VI 

THE THIRTEEN PROFESSIONAL CouRSES TAKEN 

WITH THE GREATEST FREQUENCY BY 252 

FuLt- AND Part-TIME NATURAL- 

ScIENCE TEACHERS IN COLORADO 

Numerical 

Professional Subjects Frequency Percent 

Educational Psychology.... 232 92.06 

Student Teaching ......... 222 88.10 

Secondary Education ...... 175 69.44 
History of Education....... 173 68.65 
Philosophy of Education... 154 61.11 
Methods of Teaching Sci- 

ence . . 22 60.32 
Tests and "Measurements. 151 59.92 
Educational Administration 131 51.98 
Child Psychology ......... 99 39.29 
Curriculum Construction... 83 32.94 
Teaching of Special Subjects 82 32.54 
Guidance .... 69 27 .38 
Peychology of Special ‘Sub- 
a ahs <9 pee 50 19.84 

In regard to academic degrees, of the 

261 full- and part-time science teachers 

who reported on this item, all but two 

had their bachelor’s degree. Of these two, 

one was a superintendent and the other a 

teacher in high schools with fewer than 

fifty pupils enrolled. The bachelor’s degree 

then, was held by 99.22 per cent of the 
teachers. Of this group 86, or 32.95 per 
cent, held their master’s degree. Many 

others had taken some graduate work. 

In conclusion, this study indicates that 

the science teachers of the state taken as 

a whole have had considerable training for 

their work both professionally and aca- 
demically. In individual cases, however, 

particularly in the smaller high schools, 

this training was decidedly inadequate. In 
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respect to teaching load it seemed that sci- 

ence teachers frequently were called upon 

to handle an undesirably wide range of 

subjects ; but this seems to be the tendency 

throughout most of the country. The Pre- 

liminary Report of the Cooperative Com- 
mittee on Science Teaching consisting of 

representatives from the American Asso- 

ciation of Physics Teachers, the American 

Chemical Society, the Mathematical Asso- 

ciation of America, the Union of American 

Biological Societies and the National Asso- 

ciation for Research in Science Teaching 

found, as would be expected, the chief 

problem in this respect to exist in connec- 

tion with the smaller high schools of the 

country. This committee states that a be- 

ginning teacher in a small school nearly 

always must teach at least three different 

subjects, and often four or five. Because of 

this fact the Cooperative Committee recom- 

mended that “approximately one-half of 

the prospective teacher’s four-year college 

program be devoted to courses in the sci- 

ences ”; and further that, “ half of the col- 

lege program be devoted to courses .. . 

divided among three sciences. ; eee 

Our study shows the importance of these 

recommendations as made by the Coopera- 

tive Committee and we hope that findings 
such as these will influence practice in the 
education of science teachers both towards 

an adequate number of hours and a suf- 

ficiently wide distribution of those hours in 

the field of science. 
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EXPLANATIONS OF NATURAL PHENOMENA BY ADULTS 

Mervin E. OAKES 
Queens College, Flushing, New York 

EVERAL years ago I was first introduced 

S to Jean Piaget, through reading his 

books, Child’s Conception of the World 

and Child’s Conception of Physical Cau- 

sality. It was an interesting meeting and 

a challenging one. His theses—(1) that 

the child develops mentally in steps or 

“ stages” and (2) that thus the thinking 

of the child is different in kind from that 

of an adult—made me wonder; in fact, set 

me off on some investigations along these 

lines. [11] * 

How do adults explain occurrences with 

which they are not familiar? Is there any 
real difference between their explanations 

and those by children? 

Evidence was gathered by showing seven 

simple demonstration-experiments to 35 

members of the faculty of a liberal arts 

college, and asking them for prediction of 

what would happen and for explanation of 

the phenomenon. Those who cooperated 

were members of departments other than 

the natural sciences: speech, languages, 

arts, social sciences, physical education, and 

the library; 18 of them held doctor's de- 

grees, 17 the master’s. Eight of them held 

professorial rank (assistant, associate, or 

full professor); 14 were instructors; 12 

were tutors; and one, the rank of fellow. 

None of the subjects of this study had 

majored in his undergraduate or graduate 

preparation in any of the natural sciences, 

although all except two had studied some 

* Because of the length of Dr. Oakes’ paper, 

it is appearing in two parts. The bibliography is 

at the end of the second part of the article, and 

will be printed in the next issue of the journal. 
* Oakes, Mervin E. Children’s Explanations of 

Natural Phenomena. Bureau of Publications, 
Teachers College, Columbia University. In press 
(1945). 
Numbers in brackets in this paper refer to 

items in the bibliography at the end of the second 

section, which is to appear in the October issue of 

this journal. 

science course in college and all but one, 

some science in high school; three had 

taken science courses during graduate 

study: two of these studied the anatomy 

and physiology of the nervous system in 

connection with a major in speech; the 

other, neurology in connection with work 

in physical education. 

The subjects came singly to a room in 

the science building, and sat at a small 

table facing the investigator during the 

interview, which averaged 45 minutes. The 

interview began with the following state- 

ment, “I am interested in a study as to 

how people make explanations. You can 

help by answering some questions and your 

cooperation will be greatly appreciated. 

The questions are based on seven simple 

demonstration-experiments which I shall 

present in turn. In each, I shall show you 

the set-up of apparatus; briefly state the 

procedure ; then ask you what will happen, 

and second, how you account for what will 

happen.” 

At the beginning of each, the subject 

was asked whether it was familiar to him. 

After he had made his prediction and given 

his explanation of it, the demonstration 

was performed ; whereupon the subject was 

asked what he had seen and how he would 

account for the occurrence. All responses 

and comments were recorded by the 

investigator. 

With very minor exceptions, the subjects 

were cordial and cooperative. One felt 

somewhat resentful that it had not simply 

been called a physics test, in which event, 

she would not have participated. Two or 

three seemed rather nervous and ill at ease. 

Several inquired as to the nature of the 

investigation and one or two offered sug- 

gestions concerning it. Certain aspects of 

these and other comments are summarized 

later in this report. 

137 
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DEMONSTRATION NO. 1: TWO SHEETS OF 

PAPER 

This item is quite similar to one used by 

Zawerska, [14] who credits its use to 

Muchow of Hamburg. The investigator’s 

words are quoted. 

“TIT have here a pad of scratch paper 

3” x 5”; if I take two sheets [investigator 

holds one in each hand], crumple one ; then 

drop them both at the same instant—how 

will they fall to the floor?” 

The explanations of predictions include 

such terms as “air resistance,” “more 

mass per area,” “density of what surface 

there is,” “flat surface acts like wings,” 

“like streamlining a car,” “ flat piece is 

supported—I don’t know—I think it has 

to do with air pressure,” and the like. 

Thirty-one subjects predicted correctly ; 

one merely stated that the “ unfolded one 

will be deflected by currents of air” ; three 

that “they'll fall at the same rate.’ One 

of these added, “ Bodies of same weight 

fall at same speed—didn’t somebody do 

an experiment from the Leaning Tower 

of Pisa on that?” 

Some of them tend to introduce provi- 

sory and explanatory material into their 

predictions. In fact, the reasoning or ex- 

planation frequently precedes predicting. 

Examples: Two who predicted more rapid 

fall stated, “If in a vacuum, they would 

fall at the same rate.”” One, “ Well, they’re 

supposed to fall together, but the ball 

(wad) will fall first.” Two used the words, 

“should” and “ought to” fall faster. 

Another, “If there were no currents of 

air, they would reach the table at the same 

time ; if there were, the flat one will float.” 

Note lack of discrimination between “ cur- 

rents” and resistance of air. 

” 

Another, 

“Greater chance that crumpled one will 

fall in a straight line due to resistance of 

air; unfolded sheet will go slower due to 

greater surface and is less likely to fall 

directly beneath.” Others use expressions 

of caution or hesitation: “ Most likely ”’; 

“T should think”; “One would normally 
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expect”; “I’m probably wrong, but I 

think ” ; and the like. 

When the sheets were dropped, one said, 

“Tt didn’t flutter as much as I thought it 

would”; five, “I was right that time.” 

Of the three who predicted incorrectly, two 
said, “I was wrong”; the other, “ Obvi- 

ously the crumpled one fell faster.” 
In further explanation after the observa- 

tion, 24 made no change from that given 

with their prediction. Two introduce “ air 

currents’ to account for the slower fall 

of the unfolded sheet. One said, “Air is 

canalized into the crumples ” of the wadded 
sheet; another, “Air is caught up in the 

crevices and makes it heavier—not the 

weight of the paper itself.” Of those who 

predicted equal fall, two also referred to 

“air currents.” 

DEMONSTRATION NO. 2: SHEET OF PAPER 
ON BOXES 

This set-up was suggested by a member 

of the Physics Departrent. 

“T have here two wooden [chalk] boxes 

and a sheet of typewriter paper. If I place 

the paper on top of the boxes [placed 
6 inches apart at center of table] and blow 
across unc: it [pointing along table top]. 

what will happen?” 
Predictions here varied considerably. 

One subject even said, “ I’d say it’s unpre- 

dictable ; but I expect to paper to rise and 

shift to one side—anything won't surprise 

me—I'll say it’s just the way the blow 

went.” Ten said in effect, “ Nothing will 

happen” or “ought to happen”; nine, 

“The paper will flutter”; nine, “It will 

blow off” or “toward me” (i.e., away 

from source of blowing); eight, “It will 

rise”; one, merely, “It will move.” In 

a few instances, the statement of an individ- 

ual is tallied in more than one of the totals 

given above. For instance, “It depends 

on how hard you blow and how good your 

aim: if you blow hard enough, paper would 

wiggle or blow off; if you blow next to 

table, nothing will happen.” Altogether 
seven, as the one just quoted, stipulated, 
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“it depends on how hard you blow.” One 

added, “ Of course, now it’s going to be 

different; it’s a guess, really.” Another, 

“It might happen that the paper will rise 

and fall or it might be lifted off the boxes 

and blown toward me.” One, “It will 

either go up or down: because of rebound 

of air current, paper will fly up or, due to 

vacuum beneath, paper will collapse be- 

tween boxes.” [“ Which?”] “ The sec- 

ond unless you blow too high.” 

Only three predicted correctly, “ It will 

go down.” 

In explaining these predictions, the sub- 

jects refer to “ vacuum beneath,” “pressure 

would be dissipated,” “ air current spreads 

out,” “the force of the air,” “ friction of 

the air,” “ breath is warmer,” “ you're dis- 

turbing the stillness of the air,” among 

others. One statement implies animism or 

personification, “ The air will be dispersed 

before it attempts to go up.” Others said: 

“A breeze doesn’t go in a straight line; 

it circulates [waving arms].” “ You're 

forcing air beneath and it’s bound to lift 

up.” “I think that breath emerges in an 

expanding—like a funnel—so that its far 
edge will move the paper.” “ I don’t know, 

but I think you displace air: like air cur- 

rents under an airplane [moving hands up 

and down alternately].” “I don’t know; 

I can’t account—I really can’t give an 

explanation.” 

This set-up gives a simple demonstration 

of Bernoulli’s principle in physics, which is 

that pressure is reduced at right angles to 

a stream or current. As it was shown, 

expressions of astonishment were made by 

all but seven. One of these said, “ That’s 
Bernoulli's Theorem; I took Physics I.” 

Five said, ‘“ Opposite to what I expected.” 

Other comments include: “ Very amusing.” 

“ That’s interesting.” “ I’m anxious to see 

this—I’m all wrong: it sank.” “ It seemed 

to drop in center for some reason.” “ Oh, 

I see: suction pulls it down”; or “ It's 

sucked down,” by three. “Gee, that’s 

funny. I’ve got to explain that one!” 

Another, “ That’s funny: I didn’t believe 

it!” “Paper bent almost in half—bent 
down in center. Do that again!” [Investi- 

gator repeats demonstration.| “I won- 

dered if some of breath went above the 
paper.” Two also tried it for themselves. 

One observed, “ Well, the pressure seems 

to come from above.” 

As indicated in the preceding quotations, 
several include explanation in their descrip- 
tion of what they saw. 

When asked, “ How do you account for 

what you saw?” seven stated that there 

was greater pressure above or that “ air 

beneath is pushed away.” The one who 
mentioned Bernoulli above gave a fairly 

clear statement of the principle. Another 

said, “ Lessened air resistance underneath : 

after your breath was gone, it yielded in 

the middle; you had a full storm under 

there for a moment and then it subsided 

and the weight of the paper made it yield. 

Hm, that’s very interesting—makes me 

think of the old days in Physics.” “ You 

upset equilibrium—equal pressure above 

and beneath—so that for the moment pres- 

sure above is greater.” The tendency to 

consider that when a name is given to it, 

a phenomenon is thereby explained, was 

illustrated by 25, who used “ vacuum” or 

“suction” or both. One said: “ Created 

a little vacuum, did you?—which would 

tend to draw paper down; or would there 

be a vacuum ?—must be something draws 

it down.” Another, “ Probably same sort 

of thing that makes a window curtain blow 

out when there’s a wind outside—sort of 

suction, but I don’t understand it very well. 

Is that right?” One added, “ I’m reminded 

of chimneys—why things fly about in 

them.” The three not included above: 
“Air pressure bends up [pointing to sides 

of boxes]. “ The fact that volume went 

to this side and pulled the paper down— 

probably paper was unevenly balanced.” 
“T don't know if I can figure out why 

unless—[shakes head]—I give up.” An- 

other commented, “It appears to be a 

trick.” 
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DEMONSTRATION NO. 3: SPOOL AND CARD 

This is another example of the Bernoulli 
effect. 

“T have here an ordinary empty spool 

and a small piece of cardboard. If I hold 

the card [supported by finger] under the 

spool and blow through the spool, remov- 

ing finger when I start to blow, what will 

happen?” 

Twelve predicted the card would fall or 

drop; 11 that it would be blown away. 

One of the latter, “ I’m puzzled in the light 

of the last experiment; offhand, I'd say 

itll be blown off.” Two others added, “ If 

you suck breath in, paper will stay.” An- 

other stipulation, “ You'll eventually blow 

it off but not right away.” Ten predicted 

card would “ stick to spool.” Five of these 

referred to preceding demonstration ; four, 

“TI think that it will stick.” One added, 
“Ordinarily I'd say there’d be a noise.” 
Another, not tallied above, said, “ I’ve seen 

that one done with water; I don’t know 

whether it will work with air.” 

Explanations by those who predicted 

card would fall or be blown off may be rep- 

resented by the following: ‘ Well, on the 

basis of experience, when you blow through 

a hole, you blow things out of it.” Four 
of them said, “ Pressure of breath plus pull 

of gravity.” Several, when challenged to 

account for the event as forecast, showed 
doubt or bewilderment: “ Greater force 

above than below card, but I’m prepared 

to believe it will stay.” “Air pressure—I 

was wondering whether heat in your finger 

will make any difference in air in the 

chamber. . . . Now blow and make it stick, 

probably.” “Your breath will force the 

paper away from the spool—I have a feel- 
ing it’s not going to happen—it’s more 

intricate than that.” “It will not be held 

by anything, since it is bigger than the 

spool—normally that’s what you’d expect.” 

“T assume the blast of air will be strong 

enough.” And confusion, “Area above 

is less than area of pressure of atmosphere 

below, so that conceivably the: pasteboard 

might become concave.” 
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Of those who predicted the card would 

stay or “ stick,” “ suction” and “ vacuum ” 

are called in by seven and another used 

“adhesion” in much the same way: “ It 

should fall away unless the adhesion holds 

it up, in other words, your blowing has 

nothing to do with it. Just trying to fool 

me!” “ Probably get sucked up some way 

—I don’t know how—what’s that stick in 
(A pin is used to pre- 
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the middle for?” 

vent card slipping off sidewise. 

subjects noticed it and its function was 

explained to those who asked about it.) 

One of them in the midst of his explanation, 

changed his prediction, “If it’s held up, 

it'll be suction—wait a moment—it’s ex- 

actly opposite—paper was then [previous 

experiment] on top—it’s now beneath— 

it'll probably drop.” An attempt to relate 

the result to the skin secretion of the 
finger, “A little bit of grease may hold it 

there for a time.” And one, “I don’t 

account for it.” 

When the demonstration was made, there 

were, as before, some who were quite 

pleased that their prediction was correct 
and others who gave expressions of amaze- 
ment. Only nine made clear-cut statements 
of the observation, “ It remained as long 

as you blew.” Statements of delight. and 

mystification include: “ Oh, that’s wonder- 

ful! Do it again! I remember I wondered 

if, like former experiment, the event would 
be contrary to expectation, until when you 

said, ‘ blow down,’ I gave up that idea.” 

“It stayed longer than I expected.” 

“ That’s what I suspected.” ‘“ That really 

surprises me that it didn’t fall. Now then, 

I wonder why it didn’t.” “ Now, why 

does it do that? That’s what I thought from 

the way you laid it out.” “I saw it 

struggling to get away.” (Personification, 

again.) “ There’s something mystical about 

these things: the obvious thing isn’t true!” 

“You drew your breath in [trickery sus- 

pected] and created a vacuum in there.” 

In explanation of what they had just 
seen, “ suction ” or “ vacuum ” was offered 
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by 14 subjects; one of them said, “As the 

volume of the air spreads out, it tends to 

suck the card up.”” Two explanations were 

reasoned in the right direction: “ Escaping 

air forces itself out [holding hands flat] 

and the pressure there is less; 15 pounds 

of atmospheric pressure below it is con- 

stant.” “As you blow, the air had to 

escape somewhere, so it went out at the 

sides; after you stopped, pressure above 
and below are the same, so it dropped by 

gravity.” Two others adduced, “ currents 

of a rotary type,” one with the added 

analogy, “like a cyclone.” 

to “area”: “ 

Two referred 

Greater area outside than of 
hole inside—that doesn’t answer the ques- 

tion, does it?” “I think it’s area and 

force.” One thought that somehow the 

pressure of the finger persisted, “It has 

to do with pressure you put on there before, 

with your finger and then releasing it.” 

Two appealed to magic and personification : 
“This is completely contrary to what I 

would expect of well-behaved air; air is 

sluiced out at sides and air beneath is push- 
ing up, but that means the air is misbe- 

having!” and “There is a reason—that 

thing puzzles me! As you blow you exert 

pressure and the air below pushes back— 
the same as when you hit the wall, it will 

hit back.” Another tallied above added, 

“ Didn’t have anything to do with saliva, 

did it?” This and the reference to 
“ grease’ above seem to be clear examples 

of the type of children’s explanation which 

Piaget calls simple phenomenalism, i.e., an 

explanation in terms of a concomitant ob- 

ject or event. Also, 11 failed to attempt 

any explanation. “I don’t know,” one of 

these said, “I didn’t learn the reason; I 

learned that it happened—that’s all.” Two 

of those who used “ vacuum ” may also be 
included in this last group: “ I don’t under- 
stand it; the card is larger and air currents 

are thrown upward around the spool, creat- 

ing a vacuum below—somewhat like last 

experiment.” “ Just don’t know. It can’t 
be a vacuum; there’s suction, somehow— 

but I don’t see how.” 
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DEMONSTRATION NO. 4: JAR AND CANDLE 

This set-up was also used by Huang 

[7, p. 97] and by Keen [9, p. 11]. 

“T have here a gallon glass jar | placing 

it on table between investigator and sub- 

ject] and a candle, which I place here 

[about 4 inches beyond jar, toward the sub- 

ject]. 

points at center of jar, bending forward 

so that his mouth is level with that point], 

what will happen?” 

When I blow here [investigator 

The prediction given by 11 was (cor- 

rectly) that the candle would go out, two 

of them saying, “ flutter and go out”; 

three, that it might either be blown out or 

not, one adding, “I think it will continue 

to burn”; that the “flame will 

flicker,” three qualifying, “If you blow 

hard enough”; four, that the flame will 

bend toward the jar; one, “I think it will 

affect the flame somehow; I don’t know 

how ”; four, that nothing would happen, 

twelve, 

one of them, “I can’t see how anything 

could happen.” 

In explaining their predictions, of those 

who predicted the candle would or might 

go out, seven stated that the air would 

go around the jar, one phrasing it most 

clearly, “I know from recent talk about 

streamlining that air tends to follow the 

surface of objects; the two currents will 

then unite beyond jar.” Beside these, one 

said, “Air will fan out; if ends of fan meet, 

candle will go out.” The other five sub- 

jects made statements which seem to be 

clear examples of the type which Piaget 

calls perseveration, that is, the 

for the answer to a previous 

tendency 

question 

(spool and card) to carry over into later 

one: “ Well, you'll be creating a difference 

in pressure at both sides and the air above 

the candle will come down in both direc- 

tions.” “ The air will be so disturbed.” 
“Current goes around both sides of jar, 

again creating an airless space—is that cor- 

rect? It’s like a bicycle drawn by air cur- 

rents behind a motorcycle.” “Air will be 

divided and either be diverted or come 

together: since air is misbehaving, I don’t 
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know what to expect.” ‘ That’s probably 

still Bernoulli's proposition.” 

Those who predicted that the flame 

would flicker seem to have the notion that 

the jar would act as a wedge, dividing and 

diverting the current of air. Again, one 

subject, in explaining it, changed his pre- 

diction, “ If you blow straight there, it will 

disturb the air around the jar and reach 

the flame ; but I wouldn't be a bit surprised 

if it didn’t even flicker.” 

The four who predicted the flame would 

bend toward the jar gave explanations 

which seem also to illustrate perseveration: 

“Air currents go out from jar causing air 

to come toward back of jar—a threatened 

vacuum there.” This one seems to imply 

the “ Nature abhors a vacuum’ 
Two of them said, “As above a suction of 

Another, 

“If there’s any connection between this 

and the last two experiments, light should 

’ 

notion. 

the currents will draw it in.” 

go toward you.” 

Of those who predicted flame would be 

affected somehow or that nothing would 

happen: three said, “ The air will disperse 

{ wedge, again] and probably not reach the 

candle.” One added, “If you had a wall 

there, it would flicker.” Others, “ I think 
the stream will divide and come around 

both sides; if it equalizes, it will keep the 
flame steady; if not, it won't.” “I can't 

think the air from your mouth could affect 

the light by going around the jar.” 

When the demonstration was shown and 

the subjects were asked to describe what 

they had seen, of those who predicted the 

flame would be extinguished, several made 

no comment; one said, “So my second 

thought was better.” made 

other predictions used various expressions : 

“ Well, it wavered in a big way!” “ Sur- 

prises me that it goes out with so little 

force.” “ Hmm, certainly a good blower! 

Instead of that glass acting as a buffer, it 

acted as a conductor.” “ It didn’t go that 

way; I saw candle go out and flame blow 

Those who 
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“TI see that I 

Two asked that the demonstra- 

in this direction.” 

wrong.” 

was 

tion be repeated: “ Uh huh, suppose you 

blow lightly so I could see the result.” 

“Did some of the breath come over the 

top?” 

Sixteen attempts at explanation after 

observation were fairly clear, “Air follows 

around jar and blows out candle.” Three 

had made this answer above in explaining 

prediction. The most complete answer 

was, “Air coming from both sides will cool 

it below its burning point.” Another, “I 

base that on a diagram of streamlining an 

automobile.” Two merely stated, “Air 

around jar will be disturbed.” Eleven 

attempts were even less adequate, including 

the “ wedge effect ” mentioned above: “Air 
as it hits jar will fan out and some will cir- 

culate around there.” “Candle is outside 

distance where two fans of air meet.” “Air 

follows line of least resistance around jar.” 

“Air above candle will come down in both 

directions.” ‘‘ The breath of the wind was 

concentrated ; after it sprang together from 

both sides, it is stronger.” ‘ Currents 

moving more rapidly increased the inten- 

sity and volume.” “ You get some current 

of air over the top as well as around the 

sides.” “ Looked to me as if it was blown 

out, not snuffed or sucked out.” Six said, 

“T don’t know,” but three of them con- 

tinued with an attempt to explain: “ I don’t 

know—let’s see—(pause)—Well, I’d say 

this then: I guess the curved surface tends 

to bend and concentrate the volume of air 

from your mouth on to the candle.” “I 

wouldn’t know; I haven't the slightest 

idea; I thought there would have to be a 

direct current of air—unless it goes around 

both sides of the jar—the shape of the cur- 

rent determined by the shape of the vessel.” 

“T don’t know how to explain it but it was 

blown out by your breath ; I don’t think the 

jar has anything to do with it.” One said, 

“T don’t know what the principle is.” 
Another added, “ Hmm, that’s tricky.” 

(To be concluded in October issue.) 



PRESENT AND FUTURE SCIENCE COURSES * 

J. Gorpon MANZER 
Central High School, Trenton, New Jersey 

ENTRAL HicH ScHoov has an enroll- 

C ment of over 3,000 pupils; it is the 

only public senior high school in Trenton, 

and also serves two of the three adjoining 

townships. Thus the school presents a 

cross-section of the city’s population. Tren- 

ton is an industrial and manufacturing 

center, as well as the seat of state govern- 

ment for New Jersey. 

The school meets rather well the needs 

of its college preparatory, or academic, 

pupils. The usual courses in biology, 

physics, and chemistry are offered, in that 

order. These courses represent a com- 

promise between the needs of two extremes 

within the academic group: some will be- 
come engineers, doctors, and specialists of 

various kinds; for them, technical details 
and mathematical problems are interesting 

as well as useful. Others may need a sci- 

ence course for college entrance or may 

not enter college at all, and in any case 

have little interest in science as an organ- 

ized body of subject matter, unless they can 

see pretty clearly its relation to their daily 

lives, and to the human needs of their 
nation and the world. Between these two 

extremes all possible gradations exist ; and 

it is not always possible to tell where any 

one individual belongs. In general, we try 

to teach enough technical material to meet 

the minimum needs of the budding scien- 

tists, and along with it enrich and illustrate 

and show social significance, as much as 

* Mr. Manzer’s article is the third in a series 

of reports on science plans and programs in indi- 

vidual schools and school systems. Earlier articles 

dealt with curricula in the Forest Hills High 

School, New York, and in the Cleveland, Ohio, 

schools. Comments and contributions from 

readers are invited, to the end that Science 

EpvucaTion may assemble a collection of first- 
hand accounts of what is being done to meet cur- 

rent conditions and what is being planned to meet 

conditions expected in the near future. 

time will allow. Perhaps this is wrong in 

order of emphasis, but it does seem that it 

would be difficult to get a true or clear 

picture of the social significance of nitrogen 

fixation, for example, without knowing 

what nitrogen fixation is. We try to do 

both phases of the subject together, so that 

social significance can show the value and 

result of the technical details, while at the 

same time technical details can show the 

basis for the social significance. 

The biology course, perhaps because it 

is farthest removed from college require- 

ments, has shown the greatest tendency to 

depart from and 

etymological monstrosities, and to empha- 

size the ideas and principles that can be 

of greatest use in bettering the lives of the 

pupils. 

anatomical intricacies 

In addition to college preparatory chem- 

istry, we have a course for girls only, called 

Household Chemistfy; more practical and 

less theoretical and mathematical, and de- 

signed to meet the needs of home economics 

students and prospective nurses. There is 

no comparable course for boys, at present, 

but we do 

available. 

have courses in aeronautics 

For the nonacademic two-thirds of the 

school we offer two courses of one year 

each, listed as Science I and Science II. 

These courses differ from the “ diluted” 

biology and physics which they replace 

chiefly in two respects: (1) they do not 

follow any one subject’s “ logical ” organ- 

ization, and are not limited to any one 

subject; (2) the point of view is that they 

attempt to serve the needs of the pupils, 

insofar as science can help. In practice, 

Science I has leaned heavily on biological 

subject matter; but it has not been re- 

stricted to that field. 

pupils in Science I classes will take no 

Since many of the 
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further science courses in high school, it 

seems most important to give them a 

chance to develop some background for 

understanding the operation of their own 

bodies. Work on health and disease, on 

food, and on body functions, makes up a 

large part of the core of the course. Other 

topics may include insects, heating and 

ventilation, conservation, electricity in the 

home, etc. Several different teachers have 

Science I classes, and transfers are some- 

times unavoidable; consequently there 

must, and presumably there should, be 

some uniformity to the course. However, 

there is considerable freedom to vary the 

activities of the classes in accordance with 

their (and the teacher’s) interests and 

experiences, and to take advantage of 

varying situations when they arise. 

The second year, Science II, naturally 

is mostly physical science—but not just 

physics and chemistry. For example, it 

includes units on astronomy and on weather 

and climate. In general the same comments 

apply to Science II as to Science I. In 

both cases, we use the textbook that comes 

nearest to what we want, and supplement 

it with whatever additional material is 

available or can be secured, including 

motion picture films when appropriate. 

The trend is away from rigidly prescribed 

subject matter, and toward greater free- 

dom to adjust to varying interests and 

needs. 

For the future, we are planning a science 

course to fit the needs of senior boys who 

will enter the industries of Trenton as em- 

ployees shortly after, if not before, gradua- 

tion from high school. At present some 
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students in our commercial curriculum 

spend a part of their time, toward the end 

of their high school course, in actual office 

work in the city. Thus, they can make the 

transition from school to work less abruptly, 

under supervision, and with greater chance 

for success. It is hoped that it may be 

possible to make a similar work privilege 

available to boys of the industrial arts cur- 

ricula, during the second semester of their 

senior year. In preparation for seeking the 

necessary approvals, we are now engaged 
in planning a one-year science course which 

will fit in with courses in English and in 

social studies, and will help to give these 

boys the information, understandings, and 

attitudes that they will need for success 

and happiness in their life and work. 

Surely there is much in the field of science 

that we can draw on to help them in the 

daily work, as well as in the aspects of 

living. Topics under consideration at 

present include Health and Safety, Meas- 

urement, Energy, Machines, Matter, Oxi- 

dation, Food, Heat, Metals and Some 
Other Important Chemicals, Electricity, 
and Family Life. Each of these topics will 

be developed with the needs of this par- 

ticular group of boys constantly in mind. 

And when the boys are on a real job, part- 

time, it may be expected that they will find 

problems that their science course should 

attempt to solve. Subject matter of that 
sort should considerably enliven the course 

—and the teacher, too. 
At any rate it is fun to make the plans. 

We never do as well as we would like, but 

we never give up hoping, and planning, and 

trying, to do better. 

a 



TOWARD A MORE ADEQUATE SCIENCE EDUCATION 

ZACHARIAH SUBARSKY 
The Bronx High School of Science, New York 

CIENCE is a complex of social institu- 

S tions. This complex includes not only 
specialized educational but 

academic, professional, and industrial asso- 

ciations. It includes state, national, and 

international organizations, institutes, and 

foundations. It includes, moreover, a vast 

multilingual literature, codes of profes- 
sional ethics, and established conventions. 
The profusion, variety, and catholicity of 

this social complex becomes apparent in 

a mere listing of some of the outstanding 

scientific institutions : 

institutions, 

Academia dei Lincei, founded in 1603 
Academia del Cimento, founded in 1657 

The Royal Society of Britain, founded in 1662 
Academie des Sciences, founded in 1666 

Imperatorskaya Akademiya Nauk, established 
in 1718 

Preussiche Akademie der 

founded in 1700 
The Royal Swedish Academy, founded in 1741 
Academie Imperiale des Sciences de Saint 

Petersbourg, founded in 1779- 
The American Academy of Arts and Sciences, 

founded in 1780 
The American Association for the Advance- 

ment of Science, founded in 1848 

Wissenschaften, 

Among the more recently established 

institutions are: 

The American Chemical Society 

The Union of American Biological Societies 

The Institute of Biology and Experimental 
Medicine of Buenos Aires 

The Government Testing Laboratory of South 

Africa 
The Karolinska Institute in Sweden 
The Mendeleev Institute of Chemical Technol- 

ogy in Russia 
The Leningrad Optical Institute 
The Rowett Agricultural Research Institute in 

Great Britain 

Our own times have witnessed the un- 

precedented development of industrial re- 

search laboratories, such as those of the 

General Electric Company, Eastman Kodak 

Company, Bell Telephone Company, Merck 
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& Company, and others. These are rapidly 

overtaking our university laboratories at 

the forefront of research and are drawing 

unto themselves men and women of great 
ability and rare talents. 

The social complex constituting “sci- 

ence ”’ also includes museums and libraries, 

botanic gardens and reservations, agricul- 

tural stations and proving grounds, meteor- 

ological observations outposts and bureaus, 

health stations and quarantine agencies. It 

includes Councils, Authorities, and Sur- 

veys, such as the India Council of Scientific 

and Industrial Research, our Na- 

tional Advisory Council, Civil Aeronautics 

Authority, Geological Survey, and Bureau 

of Mines. 

‘ 

own 

These institutions are ‘integrated by 

means of a vast and rapidly growing liter- 

ature. Since the establishment in 1665 of 

the Journal des Savants and the Philo- 

sophical Transactions of the Royal Society, 

publications carrying reports of investiga- 

tions, experiments, and discoveries have 

multiplied as areas of organized knowledge 

have proliferated into literally hundreds of 

specializations from acoustics, antibiotics, 

and electronics to psychoanalysis, zoogeog- 

raphy and zymology. 

The foundation for this vast complex of 

social organization is the conviction, based 

upon experience, that nature is consistent 

and therefore predictable. An event is ob- 

served to take place under certain condi- 

tions; it follows that, given these condi- 

tions, the event will take place again. This 

conviction has united men of different 

nationalities, languages, races, and indeed 

of different generations. It has brought 

forth a world culture. It has revolutionized 
our conception of the universe. It has 
yielded for human beings such powers as 

were probably beyond the wildest imagina- 
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tion of any man of any pre-scientific age. 

(It may be significant that the early scien- 

tific academies were founded by potentates 
who may have seen, or whose advisors may 

have seen, in the new arts great sources of 

wealth and of power.) 

The powers thus acquired by man have 
reorganized and continue to reorganize the 

economic, political, and social structure of 

our society. They are accelerating and dis- 

integrating our living even as they are pro- 

longing and enriching our lives. They are 

producing social integrations and disinte- 

grations as are beyond the ability of any 

individual’s nervous system to comprehend, 

much less to control. They have made men 

dependent upon machines which they fre- 

quently do not understand. Gas tanks are 

filled by men who never heard of aliphatic 

compounds to power cars driven by men 
who never heard of Boyle’s law or of 

entropy. The person is rare, indeed, who 

knows what goes on at a central station 

as he dials his telephone. 

Consequently, there has developed a new 

object of awe and of worship. It, too, is 

called Science. To an_ overwhelming 

majority of people, this term has come to 

mean the products of research—machines, 

apparatuses, instruments, power plants, 

gadgets, and chemicals. A smaller number 

of people identify science with research 

agencies and agencies for the dissemination 

and exchange of research findings. To 

many of these people the men who work 

in laboratories constitute the new priest- 

hood. To a lamentably small number of 

people does science connote not mechaniza- 

tion and gadgetry, not a new priesthood of 

the test tube and slide rule, but a method 

of arriving at useful information, useful, 

that is, for whatever purposes angelic, dia- 

bolic, or insipid which men may be brought 
up, or impelled, or persuaded to pursue. 

The fundamental elements of scientific 
information are verifiable sense impressions 
frequently integrated by mathematical rela- 

tionships. A further integration is secured 
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through the formulation of hypotheses 

which, tested by further observation and 

controlled experimentation, may be raised 
to the level of theory and eventually even 

of fact. (The term fact as used here may 

be defined as that upon which all competent 

observers agree. ) 

The fundamental elements of scientific 

method are meticulous observation, careful! 

recording, skill in establishing qualitative 

and quantitative relationships, creative 

imagination in formulating hypotheses, and 

skill in reporting research findings. 

The fundamental elements of scientific 

thinking are the tendency to be critical ot 

the meticulousness of an observation; the 

readiness to distinguish between an hypoth- 

esis, a theory, and a fact; a thirst for 

evidence, and the ability to judge the 

pertinence and adequacy of evidence. 

In the scientific mind, these abilities are 

coupled with a set of mental attitudes, many 
of them social in nature. These include a 

willingness to publish research findings 

without direct monetary remuneration, the 

willingness to grant credit through citations 

of work done by others, the willingness to 

recognize rules of priority, the readiness 

to encourage the repetition by others of 

work reported on. 

Those who conceive of science as metiod 
do not identify technological invention with 
moral progress. Nor do they, upon enter- 

ing the political arena, the social forum, or 

the church, revert to the primitive condi- 

tion of thinking with their emotions. They 

are likely to assess better the limitations 

of science. With Karl Pearson, they realize 

that “science may be described as a classi- 

fied index to the successive pages of sense 

impressions which enables us readily to find 

what we want but in no wise accounts for 

the peculiar contents of that book of life.” 

We might add that these pages of sense 

impressions, although checked and double 
checked against experience, constitute, after 

all, a monumental product of the human 
imagination. 
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WHAT SHOULD CONSTITUTE SCIENCE 
EDUCATION ? 

The term education, as it is used here, 

may be defined as socially directed and con- 

trolled acculturation. A society establishes 

educational institutions in order to provide 

for its own perpetuation and evolution. 

The extent to which our own society de- 

pends upon technology and _ technological 

products necessitates a steady supply of 

technicians. The extent to which techno- 

logical products enter into the daily lives 

of individuals and of communities calls for 

bringing up our youth to handle these 

products efficiently and to exercise over 

them such social controls as may be dic- 

tated by ethical considerations. 

A society which transmits from cne gen- 

eration to the next its technology without 

at the same time inculcating ethical purpose 

is merely accelerating its own disintegra- 

tion. For this reason, a society cannot 

afford to employ science teachers in its 

secondary schools who are mere technicians 

or self-styled oracles of a new truth. 
Nor can a society afford to employ social 

studies teachers who, while they teach an 

idealized history of science and while they 
emphasize the influence of science on 

society, have nevertheless such a narrow 

conception of what constitutes science that 

they fail to apply the scientific method of 
thinking to social phenomena. 

The young men and women leaving our 

secondary schools today frequently come 

out with an indoctrinated attitude toward 
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science but without scientific attitudes. 

Clever commercial advertisers have learned 

to exploit this widespread product of mis- 
education, to employ popular shibboleths of 

what passes of science education, and to 

make an emotional tie-up with science, 

“bestowing its blessing upon thousands.” 

To make its proper contribution to the 

lives of people in our society and to the 

evolution of our society itself, science edu- 

cation must provide not only an abundance 

of direct experiences with natural phe- 

nomena leading to psychological assimila- 

tion of general principles; it must provide 

as well experiences which will establish the 

scientific method of thinking in all aspects 

of living to which it is applicable. It must 

provide experiences which will build up 

the conception that no investigator is seif- 

sufficient, but, like Sir Isaac Newton, every 

investigator “ stands upon the shoulders of 

giants’ of several generations widely dis- 

tributed over the earth and linked to each 

other by a vast, painstakingly written, and 

rapidly growing literature. It must pro- 

vide, moreover, experiences leading to an 

appreciation of certain principles of profes- 

sional ethics which govern the great scien- 

tific fraternity of our day. And, not the 

least in importance, it must provide experi- 

ences leading to an appreciation of the fact 

that men and women engaged in scientific 

work are human beings subject to all the 

usual religious, social, and economic influ- 

ences which condition the attitudes, aspira- 

tions, and behavior of human beings. 



EDUCATIONAL TRENDS 
ON THE TEACHING OF THE BASIC SCIENCES 

A ComMITTEE REpPorT * 

N May 1, 1943, U. S. Commissioner 

O of Education J. W. Studebaker asked 
for the formation of a committee to “ can- 
vass carefully the question of whether the 
basic sciences should not be included along 

with vocational education in a federally 

subsidized program. Such a subsidization 

would include, of course, the appropriate 
training of teachers for such courses.” At 
that time a committee was already at work 

to study the needs of industry for the train- 

ing of engineering aides in technical insti- 

tutes and other institutions of comparable 

grade in the vocational-technical training 
program (J. C. Wright’s committee, with 

Professor L. A. Emerson of Cornell Uni- 

versity as chairman of the working com- 

mittee). It was decided that the present 

committee on basic sciences should be smail 

and should represent the Commission on 

Teacher Education (Karl W. Bigelow), 

research in science teaching (R. J. Havig- 

hurst), the division of higher education of 

the United States Office of Education (F. 

J. Kelly) and the sciences (K. Lark- 

Horovitz, chairman of the committee). 

Members of the committee have dis- 

cussed the problem on various occasions 

with many different groups and individuals. 

From all these discussions, it became evi- 

dent that while the public in general re- 

grets the extension of federal aid, particu- 

larly if this means federal control, it is 

recognized that federal aid of some kind 

will be necessary to strengthen the teach- 

ing of the basic sciences. A plan will have 

to be worked out which will guarantee that 

such aid will not be accompanied by federal 

control. 

Journal of * Reprinted from the American 
Physics, 12 : 359-362, December, 1944. 
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The committee met at the U. S. Office 

of Education on May 20, 1944, and, in its 

discussions, summarized the situation as 

follows. In reviewing the results of recent 

studies, one finds: 

(1) A conspicuous lack of training in the 
physical sciences in the secondary schools, so that 

at any one time only about 7 per cent of the total 
high school population is enrolled in physics or 
chemistry, whereas a large number is.enrolled in 
the biological sciences (biology, zoology, botany, 
hygiene, and so forth). 

(2) This is owing to the fact that more than 

half of our schools have six or less teachers and, 
under the present licensing and certification sys- 
tem, most of these schools cannot afford to hire a 
teacher for the physical sciences. 

(3) Some of the best science teaching in 
smaller high schools is carried on by the teachers 
of agriculture in states in which the time of such 

teachers is prorated and they do not spend all 
their time in vocational agriculture. In the 
teacher training programs set up to prepare these 
vocational teachers, a considerable amount of 
science is required. 

(4) The teachers now teaching science in the 
high schools are, in many states, poorly prepared 
in their respective subjects, being on the whole 
measurably less well prepared than trainees in 
the same field for industry. 

(5) Because only a small proportion of high 
school students takes science at the present time, 
those who teach these sciences must combine 
science with some other subjects. Many of the 
teachers have to teach three, four or even more 

subjects which may be almost entirely unrelated. 

The result is that such science teaching has to 

be assigned to individuals whose main interest is 
in some other subject, for whom science was only 
a minor subject in college. 

(6) This situation could be remedied by certifi- 
cation of science teachers in comprehensive areas, 
such as a combination of the physical sciences 
with the biological sciences or of the physical 
sciences with mathematics and geography. 

(7) It is necessary to realize that teachers 
trained in such comprehensive science areas are 
also potential candidates for industrial positions. 
Since the starting salary and the life expectancy 
of earnings are far higher in industry than in the 
schools, we must be able to compete with indus- 

try in order to attract teachers who are well 
trained and have aptitude in the physical sciences 
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and mathematics. This is all the more true be- 
cause men are more likely than women to special- 
ize in science and mathematics, and men—with 
their family responsibilities—can less afford to 
continue teaching at low salaries. 

In the rural schools all over the country 

and in almost all school systems in the 

| southern states, the financial situation of 

the teachers is such that it is difficult to 
provide the necessary number of teachers 
for the science jobs. In some parts of the 
country it might be possible to correct this 

situation locally, particularly in industrial 

sections where the community may insist 

on a better background for future em- 

ever, an increase in local taxes seems to be 

impossible and therefore some other squrce 

of funds will have to be found to raise the 

standard of teachers’ training and to hold 

well-trained teachers in teaching positions. 

It is evident that the only way to remedy 

this situation—to attract and hold able, 

well-prepared science and mathematics 

teachers in the high schools, and thus to 

insure an adequate basic training for those 

who are to receive vocational and technical 

education—is to find some way of increas- 

ing the salaries of such teachers. This 

would (i) reduce the loss of such teachers 

to industry; (ii) encourage more able col- 

lege students to prepare for such teaching ; 

and (iii) facilitate the assignment of basic 

science and mathematics courses to teachers 

of vocational and technical subjects, who 

frequently have received superior prepara- 

tion’in these fields but who tend not to 

teach them because present provisions 
for augmentation of their salaries by fed- 

eral aid do not apply except insofar as 
they offer strictly vocational and technical 

instruction. 

The existing provisions for federal aid 

to provide better salaries for teachers of 

vocational and technical subjects provide 

a precedent for similar action with respect 
to science and mathematics teachers and 

show how effective and satisfactory such 

action could be expected to be. The nation 

ployees. In many parts of the South, how- - 
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is already committed to a program of fed- 

erally aided vocational-technical education 

in the schools. In 1942, the appropriations 
totaled about $286,401,000, of which about 

$230,690,000 represented emergency appro- 
priations. This work has demonstrated its 

value and also the fact that federal aid does 

not necessarily involve an undesirable de- 

gree of federal control. 
No single policy can be said to char- 

acterize all of these programs. Some of 

them are largely dominated by federal ad- 

ministrative authority; others are almost 

free of federal influence. It is probably 

fair to assume that if the federal govern- 
ment or any other appropriating body feels 

it necessary to appropiate money for any 

purpose, that body will assume enough con- 

trol over the expenditure to assure itself 

that the purposes for which the appropria- 

tions were made are accomplished. Any 
other assumption would appear to be 

unrealistic. 

Provision for the training of vocational 

teachers is definitely made by the Smith- 

Hughes and the George-Deen Acts—the 

two acts in accordance with which the fed- 

eral government and the states cooperate 
in the promotion of certain types of voca- 

tional education. 

A principal feature of the cooperative 

arrangement established between the fed- 

eral government and the states is the pro- 

vision for state plans. A state plan is pre- 

pared by the state board for vocational 

education, and it is then submitted to the 

U. S. Office of Education, which approves 
the plan if it is found to be in conformity 
with the provisions and purposes of the 

federal legislation. In the plan will be 

found such items as the kinds of vocational 

education for which the appropriations are 

to be used, the kinds of schools and equip- 

ment, qualifications of teachers and plans 

for the training of teachers. Jt will be 

apparent that a state has much leeway in 
preparing its plan. The only requirement 

is that the plan shall be in conformity 

with the law. The arrangement for the 
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administration of vocational education is 

distinctly a cooperative one which oper- 

ates within the framework of the federal 
legislation. 

This provision is typical of what may 

be expected of any law that is intended 

to provide for teacher training through fed- 

eral funds. That it does not appear to 

contemplate very seriously federal control 

becomes also clear if one studies the train- 

ing programs in teacher-training institu- 

tions in the various states. This program 

varies widely from institution to institution. 

As long as the standards of teaching are 

met, there is no further interference with 
the local plan of the training institutions 

or with the state board in its program of 
teachers’ training. 

It has been recognized that technical 

training, not for a narrow specific area, but 

rather for a family of occupations and a 

comprehensive area of skills, is essential if 

the future employee is to be adaptable to 

varying employment conditions and to a 

variety of demands in one and the same 

industry. Moreover, training for the war 

effort, as in the ESMWT program and in 

the vocational war production training pro- 

gram, has brought out clearly that there 

are new areas of vocational and technical 

occupations for which training seems to 

be necessary and advisable. Engineering 

aides, technicians and laboratory assistants 

in the various branches of chemical, elec- 
trical and mechanical industry could be 

prepared in new courses enlarging the 

present program, if thts were made a 

permanent part. of the secondary school 

curriculum. 

It is accordingly proposed by this com- 

mittee that existing legislation relating to 

vocational and technical education be 
amended and future legislation be formu- 

lated to include provision, in addition to 

that now provided for such fields as voca- 

tional agriculture, home economics, trades 

and industries, and distributive occupations, 

for “the sciences basic thereto and (or 

including) mathematics.” , 

SciENCcCE EpucaTION [Vor. 29, No. 3 

Such amendment, specifically as relat- 
ing to the sections of the law having to do 
with the preparation and employment of 

teachers, would have the following effects : 

(1) As in the case of vocational agricultural 

and other vocational teachers, the standards which 

are set up by the state department of education in 
cooperation with the U. S. Office of Education 
will have to be met. This guarantees that certain 
minimum requirements would have to be fulfilled 
if federal aid is to be obtained for the teaching of 

the sciences and mathematics as basic to agricul- 

ture, trades and industries, distributive occupa- 

tions, and the proposed vocational-technical 
training. 

(2) Since the effectiveness of engineering, 
technical and vocational education and training is 
largely dependent on the soundness of preparatory 

“education in mathematics, physics and chemistry, 
programs of teacher training under existing and 
future acts supplying federal support for teacher 
training should then include provision for teacher 
training in these fields. 

The proposed amendment might well be 

part of a further modification of existing 

legislation that would also provide for: 

(1) Expansion of the present vocational and 
technical education program (now limited to 
work “ of less than college grade”’) to encompass 
activities “ of scholastic standard commonly asso- 
ciated with work done in high school and in the 
first two years beyond high school, but excluding 
that done as part of a regular four-year 
curriculum ” ; 

(2) Authorization to the states to make use of 

and allocate support to the facilities of tax- 
exempt, though not publicly supported, universi- 
ties, junior colleges, technical institutes, and the 
like, as well as to those publicly controlled ; 

(3) Requirement that states—if they desire to 
participate—designate or create state boards to 
exercise control over the program within their 

boundaries, such boards to consist of not less than 

seven members so selected as to be representative 
of the various fields of interest for which the 
vocational and technical programs prepare. 

The justification for the foregoing pro- 

posals is that the teaching of science is so 

intimately related to the whole program 

of vocational and technical education that 

it seems desirable to integrate it with that 

program. Use of federal funds is justified 

because the programs which already involve 

federal funds will be strengthened by better 

science teaching and also because the de- 
velopments now foreseen in the field of 
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technical education will be’ seriously handi- 

capped unless better science teaching is 

assured. It, therefore, seems desirable to 

look forward to a single program of voca- 

tional and technical education involving the 

present programs carried under the Smith- 

Hughes and George-Deen Acts as well as 

the more advanced programs now develop- 

ing in technical education intimately asso- 

ciated with them. This single program, 

which may be called “ vocational and tech- 

nical education,” cannot well succeed unless 

the supporting sciences are strengthened 

in the high schools. 

It is evident that an expansion of such 
programs will be called for as the war ap- 
proaches its end and the shift to peacetime 
conditions becomes necessary. This pro- 

gram, geared to the increasingly technical 

character of occupations: 

(1) Wiil meet the special problems of vocation 
readjustment for returned servicemen and war- 
industry employees ; 

(2) Will satisfy the need for opportunities for 
such training by persons who have completed 
high school, and aid the development of post-high 
school technical institutes and the like; 

(3) Will make it possible for the small as well 
as the large high schools to provide adequate 
science and mathematics instruction and to enable 
their graduates successfully to pursue these voca- 
tional-technical courses as well as regular college 

courses in such fields as engineering ; 

(4) Would increase availability of vocational 
and technical education to young people who grow 
up in communities too small to provide such 
training locally; and 

(5) Would guarantee that the interests most 
vitally involved would have a voice in the work- 
ing out of the programs in the several states. 

In summary, it may be said that the two 

sets of modifications proposed would have 

the following advantageous effects: 
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(1) Provision of adequately trained teachers in 
the sciences ; better preparation of science teachers 
will come only with better salaries; better sal- 

aries can be assured only by including the teachers 

of sciences which are basic to technical education 

in the same program of federal subsidies as the 

teachers of technical subjects. 

(2) Improvement of the basic preparation—in 

science and mathematics—of persons for whom 

present and prospective provision of vocational 

and technical education is designed. This is 

essential to the effective functioning of any voca- 

tional and technical program. 

(3) Incidental improvement of the instruction 

in science received by high school students not 

planning to enter vocational and technical pro- 
grams. Many such students would take the same 

courses as those for whose benefit the proposals 
in this report are specifically designed. Since 
science and mathematics are important elements 
in the preparation of every young citizen for par- 
ticipation in contemporary life—every aspect of 
which is increasingly affected by scientific de- 

velopments—this incidental consequence must be 
considered an additional advantage. (If, how- 

ever, it should be deemed improper or undesirable 
even incidentally to permit federal funds to be 
used to improve general education, the difficulty 

could be dealt with by providing that the federal 
contribution to the salaries of science and mathe- 
matics teachers should be less than the half now 
given in the case of teachers of strictly vocational 

and technical courses.) 

(4) Establishment of a unified, properly sup- 
ported program of vocational and technical edu- 
cation, including the mathematics and sciences 

that are essential elements therein, together with 

such post-high school work as is called for by the 

realities of the situation with which the country 
is faced, and making efficient use of the facilities 

of tax-exempt privately controlled, as well as of 

publicly controlled, educational institutions. 
(5) Encouragement of the development of a 

technical-institute type of training at the post- 

high school level called for by the needs of many 
occupations, geared to the programs of the high 

school below and properly differentiated for the 
advanced professional programs offered by engi- 
neering schools and comparable collegiate units. 

(6) Guarantee—through the proposed state 

boards—of local control, representing all leading 

interests in the problems in question. 



A DETERMINATION OF THE PRINCIPLES OF THE 
BIOLOGICAL SCIENCES OF IMPORTANCE 

FOR GENERAL EDUCATION. II 

W. Epcar Martin 

University High School, Ann Arbor, Michigan 

N a study directed toward the determina- 

] tion of the principles of the biological 
sciences which are of importance for gen- 

eral education, the first, or inductive, phase 

resulted in the development of a tentative 

list of important biological principles. [1] 
The purpose of the second, or deductive, 

phase of the study was to determine those 

principles in this “major” list which 

are of importance as objectives of instruc- 

tion in science in a program of general 

education. 

Before the solution of this major prob- 
lem could be undertaken it was necessary 

to secure and survey sources from which it 

might be possible to derive evidence as 
to (1) the phenomena of everyday living 

which require a knowledge of a principle 

or principles of science for their interpre- 

tation, and (2) the problems most fre- 

quently encountered in the everyday ex- 

periences of the average individual, which 

require an understanding of a principle or 

principles of science for their effective 
solution. 

Some of the possible sources of evidence 

of such phenomena and problems were : 

(1) Diaries of the daily activities of individuals 
from different occupations and professions; 

(2) Lists of the daily activities of individuals, 

secured by the questionnaire technique, from 

a representative sampling of the rural and 
urban population ; 

(3) Lists of the “needs” of adolescents as 
secured from reports of research studies: 

(4) Lists of the problems of adolescents as 

secured from reports of research studies ; 

(5) Lists of the scientific interests of adolescents 

and adults from reports of research. studies; 

(6) Analyses of the materials dealing with sci- 
ence in radio programs; 

(7) Analyses of motion pictures for scientific 
materials ; 

(8) Analyses to determine the scientific ma- 
terials published in magazine and newspapers 
for reading by the general public. 

From a consideration of the possibilities 

and limitations of these different sources, 

and extensive readings in the literature re- 

lated to each, it was decided that for pur- 
poses of this study the sources most likely 

to prove suitable were the lists of “ needs ” 
of adolescents, and the scientific materials 

published in magazines and newspapers. 

A preliminary investigation to determine 
a list of the “ needs ” of adolescents, as they 
appear in published surveys and research 
studies, revealed that (1) the “needs” in 

the various lists could not be arranged 

defensibly into suitable categories, and 

(2) the lists of “needs’’ could not be 

formulated into a defensible composite list. 
Thus for these reasons, lists of the “needs” 

of adolescents were considered to be un- 
suitable to serve as a source. 

A survey of research studies [2] relating 

to biological materials in newspapers and 
magazines and a comparison of the results 
of the studies and conclusions of the in- 

vestigators revealed that: 

(1) Biology is the most common branch of sci- 
ence occurring in the representative news- 
papers and magazines selected for analysis 
in the studies, and if frequency of occurrence 
is an evidence of relative importance, it 
might thus be regarded as the most important 

of all secondary school sciences from the 
standpoint of general educational values. 

(2) There is a marked agreement in the findings 
as to those topics which occur most fre- 
quently in the sources used. These topics, on 
the basis of their frequency of occurrence in 
the lists of the six most important topics in 
each study are: 

Human Biology, Health and Disease.. (6) 
PONE DET goa cxaisis cchace< ates (6) 

Foods and Nutrition............)..... (6) 
PM NOY: 5. So isd ein bah dcdeaits (3) 
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(3) The scientific topics discussed in newspapers 

and magazines constitute a valid guide to the 

phases of science which are of consistently 
great interest because of their close relation- 

ship to everyday experiences. 

NEWSPAPERS AND MAGAZINES AS A SOURCE 

OF BIOLOGICAL INFORMATION 

Thus it was assumed, on the basis of 

these findings, that the public press and the 

non-specialized magazines constitute a com- 

prehensive and reliable source of science 

materials, and that these materials explain 

and interpret the phenomena and problems 

of the everyday experiences of the average 

individual in terms of which the biological 

principles of the “ major” and “ minor” 

lists might be evaluated. 

On the basis of this assumption, the 

major problem was divided into three sub- 

problems, the first of which was investi- 

gated as follows: 
Sub-Problem I: To determine which 

principles of the “major” list and of 

the “minor” list, previously determined, 

must be comprehended in order to permit 

an understanding of scientific materials 

appearing in 
newspapers. 

‘ 

selected magazines and 

Techniques Employed 

A series of consultations was held, with 

the committee members who cooperated in 

the inductive phase of the study (three 

persons engaged in the teaching of science 

and the training of teachers), to select the 

magazines and newspapers to be used as 

sources of science materials. As a result 

of these consultations Hygeia was selected 

as the magazine most likely to yield reliable 

materials related to the topics Human 

Health, and 

Nature Magazine was desig- 

siology, Diseases, Foods 

Nutritior. 

nated as being most likely to yield materials 

related to Animal and Plant Biology. The 

magazines selected by the investigator as 

being representative of the many non- 

specialized magazines available were Life 

and Readers Digest. 

On the recommendation of the committee 
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it was assumed that two years’ consecutive 

issues of each of these four magazines 

would constitute an adequate sampling of 

the materials appearing in them. Hence 

every article in each issue of each of the 

magazines for the period from January 1, 

1942, to December 31, 1943, was used in 

the investigation. 

The three newspapers used as sources of 

scientific materials were chosen arbitrarily 

by the investigator from those which pub- 

lished 

would be likely to contain scientific ma- 

Sunday supplements and which 

terials representative of the various areas 

of the country. For the East coast area 

The New York Times was the newspaper 

selected; for the Middle-West, The Chi- 

cago Herald and Examiner and The Chi- 

cago Herald American; for the West coast 

The San Francisco Chronicle. 

In order to ensure that the sampling of 

scientific materials from the supplements of 

these newspapers would not be affected in 

a significant manner by the economic and 

social conditions prevailing over a limited 

period of a year or two, it was decided to 

use a random sampling of the issues of 

these newspapers published between Jan- 

uary 1, 1929, December 31, 1943, 

inclusive. It that such a 

random sampling would provide scientific 

and 

was assumed 

materials which were representative of the 

interests of the “ boom” years, centering 

in the year 1929, of the pre-depression 

year, of the depression years, of the re- 

In all, 

the Sunday supplements of 24 issues were 

covery years, and of the war years. 

analyzed. 

the undertaken 

criteria were set up by the investigator 

3efore analysis was 

assisted by the committee who cooperated 

in the inductive phase of the study, in 

terms of which the biological materials 

could be selected and evaluated. 

criteria were: 

These 

Knowledge of a biological principle is 

assumed to be necessary for an understand- 

ing of the content of an article: 
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(1) If a literal and/or direct statement of the 

principle is made in the article. 

(2) If, though it does not state the principle 

directly, any statement from the article can 
be restated in such a way as to do so; or if 
the statement can be combined justifiably 
with an accompanying statement from the 

source, into an acceptable statement of the 

principle. 

(3) If, in the opinion of the investigator, a 

knowledge of the principle is necessary for a 

clear understanding and appreciation of the 
true biological significance of the content of 

the article. This criterion is satisfied : 

a. If the content of an article relates unques- 
* tionably to a biological principle by fur- 

nishing a clear illustration of it; 

b. If it includes a term, or terms, which are 
unquestionably related to a principle, and 
which require an understanding of the 
principle for an understanding of the term; 

c. If it discusses or describes processes, inter- 

actions, or relationships which are unques- 
tionably related to a principle. 

The analysis of the materials in the 

sources was made as follows: Every 

article in each issue was given an initial 
reading by the investigator. A mark was 

made in the margin opposite every state- 

ment which was considered to satisfy one 

or more of the three criteria. On the 

second reading of the article, every state- 

ment marked during the first reading was 

considered in relation to its context, as a 

means of deciding more definitely whether 

it satisfied the criteria. If, in the opinion 
of the investigator, it did satisfy any one of 

the criteria, a check (/) was made on the 

“major” list opposite the principle, or 

principles, to which the statement was 

directly related. Any statement which was 

considered to be related to a_ biological 

generalization, but which was too limited 

in scope to be related justifiably to a 

“major” principle, was assigned to the 

“minor ” principle to which it was judged 

to be related.[1 | 
Each principle in the “ major” list and 

in the “minor” list which had received 
one or more checks in the analysis of an 

article, was then arbitrarily assigned a fre- 

quency of 1 on an identical “major” or 

“minor” list. The checks appearing on 

‘ 
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the tabulation sheets were then erased in 

preparation for the tabulation of the data 

from the analysis of the next article in the 

source. Thus each checked principle was 

arbitrarily assigned a frequency of 1 for 

each article in which it was designated once 

or oftener. This was done on the assump- 

tion that the knowledge of the principle 

necessary for an interpretation of any one 

statement in the article would apply equally 

to all other statements in the same article 

which were related to it. 
In the course of the analysis any state- 

ment, which was considered to be a state- 

ment of a biological generalization but for 

which a principle did not appear in either 

the “ major ” or the “ minor ” list, was ten- 
tatively added, worded as it appeared in the 

source, to the “ major ” list under the topic 

heading to which it seemed most logically to 

belong. Each statement so added was sub- 

mitted later both to the committee for 

evaluation in terms of the criteria set up 
for the determination of a principle, and to 

the subject-matter specialists for evalua- 

tion as to the technical accuracy of the 

statement. Upon approval by all members 

of both groups, it was accepted as a 

principle. 

The analysis, tabulation, and recording 

of the frequencies for each article were 

completed before the analysis of the next 

article was undertaken. On completion of 

the analysis of all the articles, the total of 

the frequencies of assignment of statements 

for each of the principles in the “ major” 

and “ minor” lists was determined. 

Findings 

The 300 major principles and the 236 

minor principles had a total of 2,573 state- 

ments (articles) assigned to them from the 

magazine and newspaper articles used as 
sources of scientific materials. These state- 

ments were distributed as follows: 1,366 

statements from Hygeia and Nature Maga- 

sine were assigned to 181 major principles 

and 115 minor principles; 887 statements 
from Life and Readers Digest were 

a 
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assigned to 147 major principles and 84 

minor principles; and 320 statements from 

the Sunday supplements of the 24 issues 

of the three newspapers were assigned 

to 97 major principles and 27 minor 
principles. 

There were 78 major principles which 

had no statements assigned to them from 

any of the sources used. 

The twenty major principles, receiving 

the highest ranks on the basis of the total 

frequency of assignment of statements to 

each major principle and to the minor prin- 

ciples related to it, follow in the decreasing 

order of their importance : 

(1) Infection by microorganisms is possible 
only under the following conditions: (1) 
The infecting organisms must enter the 

host in sufficient numbers; (2) It must 
enter by an appropriate avenue; (3) It 

must be virulent; (4) The host must be 
receptive. 

(2) All communicable diseases are caused by 
microorganisms. 

(3) The antitoxins produced by the body of an 
organism are specific. 

(4) The food requirements of every living 
thing are: fuels capable of yielding, when 

oxidized, the supply of energy without 

which life cannot continue; materials for 
growth and for replacement for the slight 
wearing away of the living tissues in- 

volved in any activity; minerals, the nec- 
essary constituents of cell structure, of 
cell products, and of the bathing fluid of 
cells. 

(5) Most cases of fermentation, souring, and 

putrefaction are brought about by living 

organisms. 

(6) Reproduction is a fundamental biological 

process that provides for the continuance 

of life on the earth by providing new 
individuals. 

(7) A parasitic organism harms its host in 

various ways and to various degrees, by 

actively attacking the tissues, by shedding 

poisons (toxins) which are distributed 
throughout the body of the host, by 

competing with the host for food, or 

even by making reproduction of the host 
impossible. 

(8) Food, oxygen, certain optimal conditions 
of temperature, moisture, and light, are 
essential to the life of most living things. 

(9) Circulation is carried on in all living 

organisms. With increase in size and 

complexity of the body of an organism 
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there goes a corresponding elaboration ot 

the transportation (circulatory) system 

(10) The biological functions of color are to 

conceal, to disguise, or to advertise. 

(11) Protective adaptations aid survival. 

(12.5) The cell is the unit of structure and func- 
in all organisms. 

(12.5) The protoplasm of a cell carries on con- 

tinuously all the general processes of any 

living body; the processes concerned in 

the growth and repair or upbuilding or 

protoplasm (anabolism) and the processes 

concerned with the breaking down of 

protoplasm and elimination of wastes from 
the cell (catabolism). The sum of all 
these chemical and physical processes is 
metabolism. 

(14) Enzymes, vitamins, and hormones are 

chemical regulators (stimulators and sup- 

pressors) of the reactions that occur in 

living organisms. 

(15) The surface of the earth and the atmos- 
phere surrounding the earth are under- 

going constant changes; therefore in order 

to survive, organisms must migrate, hiber- 

nate, aestivate, build artificial shelters or 

otherwise become adapted to these changes. 

(16) All gradations of association occur in inti- 

mate associations between organisms, 

from those which are mutually beneficial 

to the individuals concerned (symbiosis) 
to those in which one member secures all 

the advantage at the expense of the other 

(parasitism ). 

(17) All plants and animals are engaged in a 

constant struggle for energy. 

(18) Cells are organized into tissues, tissues 

into organs, and organs into systems, the 

better to carry on the functions of com- 
plex organisms. 

(19) Digestion accomplishes two things: it 
makes food soluble in water, thus enabling 

the nutrients to pass through membranes 

and thereby reach and enter the cells; it 

reduces complex nutrients (fats, proteins, 

and carbohydrates) to simple building 

materials which in turn can be rebuilt into 

whatever living material or structural 

feature is necessary at the place of use. 

(20) A balance in nature is maintained through 

interrelations of plants and animals with 

each other and with their physical 

environment. 

CHECK ON THE RELIABILITY OF THE 

ANALYSIS 

On completion of the analyses of the 
magazine and newspaper materials, it was 

evident that there were three possible 

sources of variability inherent in the 
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method of analysis employed. This varia- 

bility could result from the subjective fac- 

tor of human judgment in: 

(1) The selection of statements from the articles; 

(2) The evaluation of each statement in terms of 

the criteria; 

(3) The assigning of the statement to the prin- 
ciple or principles in the “major” or the 
“ minor ”’ list. 

In order to test the reliability of the in- 

vestigator’s judgment on these three phases 

of the analysis, the materials in one issue 

selected at random from each of the dif- 

ferent sources used were analyzed again. 

Exactly the same criteria and techniques 

were used in the check analysis as had 

been used in the original analysis. 

The quotient (ratio) obtained by divid- 

ing the number of statements common to 

the two different analyses by the total 
number of different statements assigned to 

principles in the original analysis and in 

the check analysis was assumed to be an 

indication of the reliability of the investi- 

gator’s judgment in assigning statements 

from the sources to the “major” and 

“minor” principles in the lists. 

Findings 

The number of statements common to 

the two different analyses was 52. The 

total number of different statements as- 

signed to principles in the two analyses 

was 57. The ratio was .912. 

If it is assumed that the materials 

selected for reanalysis represent an ade- 

quate sampling of the basic sources used, 

then the ratio, .912, indicates that the 
original analysis of all the sources was 

reliable, and that most of the statements in 

the sources were secured and defensibly 

assigned to the principle or principles to 

which they are related. 

JUDGMENTS OF THE IMPORTANCE OF 

PRINCIPLES 

Sub-Problem II: To determine from 

the judgments of selected specialists and 

laymen, which principles in the “ major ” 
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and the “minor” lists need to be under- 

stood for purposes of general education. 

Techniques Employed 
‘ ’ 

The “major” and “minor” lists of 

principles were organized into rating sheets 

which were presented to each of three 
teachers and two laymen who served as 

raters. Each of the raters was instructed 

personally by the investigator; the direc- 

tions for rating the principles were given 

verbally, and the system for marking the 

principles demonstrated. 
Prior to the interview, each principle in 

the “ major ” list to which the subject-mat- 

ter specialists, who cooperated in the in- 

ductive phase, had added exceptions, had 

been marked with an asterisk, and the ex- 

ceptions noted by the specialists had been 

written in pencil in the margin of the list 

opposite the principle. 

Each rater was instructed to consider 

each principle in relation to the exceptions 

noted, and if in his opinion the exceptions 

were important enough to invalidate the 

principle for instructional purposes, to 

draw a circle around the principle. Any 
statement which was so marked by all of 

the raters was dropped from the list. 

Each evaluator was then instructed to 
indicate his judgment as to the suitability 
of each principle in the lists for use as an 

objective of science instruction in a pro- 
gram of general education, by marking each 

principle with a numeral in accordance 

with the following code: 

(1) Not at all suited 

(2) Poorly suited 

(3) Neither well nor poorly suited 

(4) well suited 

(5) Ideally suited. 

Each evaluator was also asked to add to 
the “major” list other principles which 

he considered either “well suited” or 

“ ideally suited ” for general education pur- 

poses, and to evaluate each principle thus 

added in accordance with the code. Each 

principle in the “ minor” list was evalu- 
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ated in the same manner in accordance 

with the code. 
The data secured from these evaluations 

were tabulated and the mean of the ratings 

for each “ major” and “ minor” principle 

computed. 

Findings 

A total of 102 “major” principles and 
26 “minor” principles received a mean 

value of 5.00, that is, they were judged by 

all the evaluators to be “ ideally suited” 

to serve as objectives of instruction. Of 
the 300 major principles, 296 secured a 
mean value of 2.5 or more, and thus were 

considered to be suitable. 

DETERMINING THE IMPORTANT PRINCIPLES 

Sub-Problem III: To the 

principles of the biological sciences which 

are of importance for purposes of general 

education. 

determine 

Techniques Employed 

In each of the preceding steps of this 

investigation the data which had been 

secured relative to each “major” and 

“minor” principle had been recorded on 

the card on which the original statement 

of the principle had been recorded. The 

cards bearing the. statements of the 

“major” principles had been arranged in 

a file under apppropriate topic-headings, 
those bearing the statements of the 

“minor” principles were arranged in 

another file under identical topic-headings. 

As the first step, each minor principle 

was considered in relation to each of the 

major principles under the same _ topic- 

heading in the file, to determine the 

“major” principle to which it was most 

nearly related. The card, bearing the state- 

ment of the “ minor ”’ principle and all the 

data relevant to it, was then clipped to the 
card bearing the statement of the “ major ”’ 
principle to which, in the opinion of the 

investigator, it was most nearly related. 

A similar procedure was followed with 

each “ minor ” principle in the file. 

Any “ minor” principle which could not 

PRINCIPLES OF THE BIOLOGICAL SCIENCES 157 

‘ 
be defensibly related to a “ major” prin- 

ciple was relegated to a section labelled 

“ Miscellaneous Minor Principles.” 

When all the “minor” principles had 

been evaluated according to this technique, 

and each had been assigned, either to a 

“major” principle or to the miscellaneous 

section, the complete file was submitted to 

one of the members of the committee co- 

operating throughout this study. This 

member critically examined each principle 

in the file to insure that the assignment of 

each minor principle to its related major 

principle was defensible. No assignment 

was considered defensible unless both the 

investigator and the cooperating committee 

member considered it so. 

The next step was the tabulation of the 

data which had been secured relative to 

each of the major principles and the minor 

principles assigned to it. 

Each “ major” principle was arbitrarily 

assigned the total of all the statements 

the 

terials which had been assigned to it in 

from magazine and newspaper ma- 

Sub-Problem I and to all the principles 

related to it. the 

assumption that each minor principle is 

This was done on 

subsidiary to the major principle to which 

it is assigned, and that an understanding 

of the minor principle is considered con- 

tributory to an understanding of the major 

Thus, if 

the comprehension of a minor principle is 

principle to which it is related. 

considered essential for an understanding 

of a statement appearing in an article, it 

can be defensibly assumed that a compre- 

hension of the major principle is necessary 

for an understanding of the full biological 

significance of the materials in the article 

in which the statement appears. On com- 

pletion of the tabulation of the data secured 

in the analysis of the articles from the 

magazines and newspapers the 300 major 

principles were ranked in descending order, 

on the basis of the total frequency of 

assignment of statements to each “ major” 

the and to minor 

related to it. 

principle principles 
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Each major principle was also arbi- 

trarily assigned the highest mean value 

(given by the evaluators who rated the 

principles as to their suitability for pur- 
poses of general education) of any minor 

principle under it, provided that the major 

principle did not already possess a higher 

mean value than any of its subsidiary prin- 

ciples. This was done on the assumption 

that if the composite outline of principles 
is defensible, no minor principle should 

possess a higher mean value than that of 

the major principle under which it is classi- 

fied and to which it is subsidiary. On 

completion of the tabulation of the data 

secured in the evaluation of the principles 

as to suitability for purposes of general 

education, the 300 major principles were 

ranked in descending order on the basis of 

the mean of the values which each had 

received from the evaluators, or which had 

been arbitrarily assigned to it. 

In order to secure a comparison of the 

relative importance of the principles on the 

basis of the ranks received by each principle 

in the three investigations, the Pearson 

product-moment coefficient of correlation 

and the probable error of the coefficient 

were computed for each pair of the three 

different measures secured. These meas- 

ures were: 

(1) The total frequency of appearance of each 
major principle in the textbooks and lists of 
research studies. 

(2) The total frequency of assignment of state- 

ments from the magazine and newspaper 

articles to each major principle and its re- 
lated minor principles. 

(3) The totals of the values assigned to each 
major principle by the evaluators. 

Findings 

The coefficient of correlation for meas- 

ures 1 and 2 was .19+.04; for 1 and 3 it 

was .24+.04, and for 2 and 3 it was 

23+ .04. 

ONE HUNDRED MAJOR PRINCIPLES 

The 100 major principles, which were 

found to rank highest in importance for 
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purposes of general education, on the basis 

of the aggregate of the ranks which each 

had received in the three evaluations, follow 

in the order of their decreasing value: 

(1) The food requirements of every living 
thing are: fuels capable of yielding, when 
oxidized, the supply of energy without 
which life cannot continue; materials for 
growth and for replacement for the slight 
wearing away of the living tissue involved 
in any activity; minerals, the necessary 

constituents of cell structures, of cell prod- 
ucts, and of the bathing fluid of cells. 

(2) The cell is the unit of structure and func- 

tion in all organisms. 

(3) The protoplasm of a cell carries on con- 
tinuously all the general processes of any 
living body ; the processes concerned in the 
growth and repair or upbuilding of proto- 

plasm (anabolism) and the processes con- 
cerned with the breaking down of proto- 
plasm and elimination of wastes from the cell 
(catabolism). The sum of all these chemi- 
cal and physical processes is metabolism. 

(4) Reproduction is a fundamental biological 
process that provides for the continuance 

of life on the earth by providing new 
individuals. 

(5) Circulation is carried on in all living or- 
ganisms. With increase in size and com- 
plexity of the body of an organism there 
goes a corresponding elaboration of the 

transportation (circulatory) system. 

(6) All living organisms (except viruses and 

bacteriophage) carry on the common life 
processes; reproduction, growth, nutrition, 
excretion, respiration, and irritability. 

(7) In the presence of sunlight the chloroplasts 
of chlorophyll-bearing plants convert car- 
bon dioxide and water into intermediate 
substances, and these into sugar, and that 

into starch, and liberate oxygen; thus 

directly or indirectly producing practically 
all the food in the world. 

(8) A balance in nature is maintained through 
interrelations of plants and animals with 

each other and with their physical 
environment. 

(9) Cellular respiration (aerobic decomposi- 

tion) occurs in all living cells and all or- 

ganisms possess structures by means of 

which it can be carried on. Its first step 
is intake of oxygen either directly from the 
air or dissolved in water, its final product 
is carbon dioxide, and free energy is re- 
leased. In the cells it is accomplished at 
ordinary temperatures by the intervention 

of special enzymes. 

(10) Cells are organized into tissues, tissues into 

organs and organs into systems, the better 
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to carry on the functions of complex 
organisms. 

(11) In organisms the end products of metabo- 

lism, water, carbon dioxide, and nitrogen- 

ous compounds, are either stored in the 
cells as insoluble crystals, are eliminated 

in solution by diffusion, or osmosis (excre- 
tion); are incorporated into useful cell 

products (secretion); or are recombined 

into food substances within the organism. 

(12) Most cases of fermentation, souring and 

putrefaction are brought about by living 
microrganisms. 

(13) Food, oxygen, certain optimal conditions of 
temperature, moisture, and light, are essen- 

tial to the life of most living things. 

(14) All the higher forms of terrestrial life are 
dependent either directly or indirectly on 
the soil bacteria for their nitrogen supply. 

(15) In sexual reproduction a male cell from 

one parent unites with a female cell from 

the other parent to produce the young (ex- 
cept in the few cases of self-fertilization). 

(16) All communicable diseases are caused by 
microorganisms. 

(17) Protoplasm is the physical basis of all life. 

(18) The multitude of interrelated neurons of 

the nervous system of higher animals form 
a complex system through which every 

organ of the body is in connection with 
every other organ. 

(19) Living things alter their types; present 
species have not always existed, but have 
originated by descent from others which in 

turn were derived from still earlier ones, 
and so down to the first living forms. 

(20) All living things respond to stimuli in their 
environment. 

(21) The biological functions of color are to 
conceal, to disguise, or to advertise. 

(22) A parasitic organism harms its host in 
various ways and to various degrees, by 
actively attacking the tissues, by shedding 

poisons (toxins) which are distributed 
throughout the body of the host, by com- 
peting with the host for food or even by 
making reproduction of the host impossible. 

(23) All living things are slowly changing, both 
structurally and functionally, in response to 

changes in their physical environment. 

(24) Every species of organism is subject to 
certain checks or controls in the form of 
enemies and only those members that are 
most capable of avoiding their enemies sur- 
vive to reproduce new offspring and thereby 
transmit many of their characters to their 
offspring. 

(25) Protective adaptations aid survival. 

(26) Digestion in plants and animals is carried 
on by enzymes, or organic catalysts, which 
are made by the organisms themselves and 
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which take part in and speed up the chemi- 
cal reactions but do not undergo any per- 

manent chemical change themselves. 

(27) Enzymes, vitamins, and hormones are 

chemical regulators (stimulators and sup- 

pressors) of the reactions that occur in 
living organisms. 

(28) Living things come only from living things. 

(29) All plants and animals are engaged in a 

constant struggle for energy. 

(30) The energy which makes possible the 
activity of most living things comes at first 

from the sun and is secured by the organ- 

ism through the oxidation of food within its 

body. 

(31) Regeneration is almost universal among 

living things; from the simple to the more 
complex animals the abilities to regenerate 

lost parts and to reproduce asexually fall 
off, gradually and independently, as the 

body becomes more specialized. 

(32) All living cells require oxygen to provide 
energy or to build new protoplasm. 

(33) Every cell consists essentially of a mass of 
protoplasm which is usually differentiated 
into a central portion, the nucleus, and an 

outer portion, the cytoplasm. 

(34) Energy and matter are not created or de- 

stroyed in the reactions associated with the 

life processes, but are passed on from or- 
ganism to organism in endless succession. 

(35) Throughout the life of every organism 

there is a building up and a tearing down 

of protoplasm with constant transformations 

of energy. 

(36) Infection by microorganisms is possible 

only under the following conditions: (1) 

The infecting organism must enter the host 
in sufficient numbers; (2) It must enter by 
an appropriate avenue; (3) It must be 
virulent; (4) The host must be receptive. 

(37) Oxidation (combustion) furnishes the 

essential source of heat in the animal body ; 

and other factors remaining constant, the 

more heat so produced the warmer the 

animal body. 

(38) Saprophytic organisms are responsible for 
decay by which process the necessary raw 

materials for growth of new organisms are 
released from dead matter. 

(39) Living things are not distributed uniformly 

or at random over the surface of the earth, 

but are found in definite zones and local 
regions where conditions are favorable to 

their survival. 

(40) The antitoxins produced by the body of an 
organism are specific. 

(41) The surface of the earth and the atmos- 

phere surrounding the earth are undergoing 

constant changes; therefore in order to 

survive, organisms must migrate, hibernate, 
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aestivate, build artificial shelters or other- 
wise become adapted to these changes. 

(42) Certain associations of plants and animals 

are the result of a struggle for survival, 

for example, community or social life, 

parasitism, and symbiosis. 

(43) All living organisms have other living 
things which compete with them for the 

available energy. 

(44) Water is essential to all living things 
because protoplasmic activity is dependent 
upon an adequate water supply. 

(45) The germ plasm of animals and plants 
passes on from generation to generation 

and there has been a continuous stream 
from the first organisms to the present 
living organisms. 

(46) Parent material for the development of 
soils is formed through the physical disinte- 
gration and chemical decomposition of rock 

particles and organic matter. 

(47) From the lower to the higher forms of life, 
there is an increasing complexity of struc- 

ture, and this is accompanied by a progres- 

sive increase in division of labor. 

(48) The work of the chlorophyll of all chloro- 

phyll-bearing plants is essential to all living 
things. 

(49) Osmosis, the diffusion of molecules of a 
solvent (usually water) through a semi- 

permeable membrane (a layer of cells or 

the membrane of a single cell) from the 
point of higher concentration of the solvent 
to a point of lower concentration, with a 

stoppage of the flow of molecules of the 
solute, is a basic process in plant and ani- 
mal physiology. 

(50) The continuance of higher forms of life in 
anything like the present kinds and num- 
bers would be impossible without bacteria 

and molds. They break down the complex 
carbohydrate and protein substances of 

dead plants and animals into simpler sub- 

stances which may then be used again by 

living plants. 

(51) All life comes from preceding life. 

(52) The organisms most likely to survive and 
reproduce are those that are structurally 

and physiologically best fitted to their 

environments. 

(53) Certain one-celled organisms escape ad- 

verse conditions by forming highly resistant 

spores which often survive until conditions 
are again favorable. 

(54) Every individual organism is composed of 

distinct hereditary characters which are 
transmitted by distinct hereditary factors 
(genes). Ina hybrid the different parental 

genes are combined. When the sex cells 

of the hybrid are formed the. two parental 
genes separate again, remaining quite un- 
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changed and pure, each sex cell containing 

only one of the two genes of one pair. 

(55) There is a cycle, from inorganic substances 

in the air and soil to plant tissue, thence to 
animal tissue, from either of the last two 
stages via excretion or death and decay 
back to the air and soil. The energy for 
this everlasting rotation of life is furnished 
by the radiant energy of the sun. 

(56) All living things, except chemo-synthetic 
bacteria, depend directly or indirectly on 

photosynthesis for food. 

(57) An animal cannot live without proteins. 
They are necessary in cell growth and 

maintenance; so are necessities in the diets 

of animals. Plants are able to use carbo- 
hydrates and nitrates to build up the pro- 
teins necessary for growth and maintenance 
of their cells. 

(58) Energy can be transformed into mass and 

mass into energy, but the sum total, mass 
plus energy, remains constant. 

(59) New kinds of living things have arisen 

through mutation. 

(60) All gradations of association occur in inti- 
mate associations between organisms, from 

. those which are mutually beneficial to the 
individuals concerned (symbiosis) to those 
in which one member secures all the ad- 
vantage at the expense of the other. 

(61) Digestion accomplishes two things; it 

makes food soluble in water, thus enabling 

the nutrients to pass through membranes 

and thereby reach and enter the cells; it 
reduces complex nutrients (fats, proteins, 
and carbohydrates) to simple building ma- 
terials which in turn can be rebuilt into 
whatever living material or structural 

feature is necessary at the place of use. 

(62) Except for those organisms which exhibit 

metagenesis, all living things are able in 
one way or another to produce new living 

things like, or nearly like, themselves. 

(63) All plant and animal life, along with the 

climate and varying weather, plays an 

active part in helping to form and to 
change the soil. 

(64) Carbon dioxide set free during the respira- 

tion of both plants and animals is absorbed 
by plants and used as a raw material of 

photosynthesis. 

(65) There are no elements in living matter 

which are not found in its lifeless environ- 
ment; the energy by which life is operated 
is the same energy by which the simplest 

physical and chemical transformations are 
brought about. 

(66) In general, living things give evidence of 

a definite progression from simple to com- 

plex forms. 

(67) Since the genes of the two parents combine 
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(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

(75) 

(76) 

(77) 

at random in the germ cells and since the 
germ cells meet at random ‘in fertilization, 

the individuals of any generation occur in 

certain predictible ratios. 

The range of temperature for life activities 
is very narrow as compared with the range 

of possible temperatures. There is a mini- 
mum temperature below which, and a 
maximum temperature above which, no life 

processes are carried on. The temperature 

range for life processes is from many de- 

grees below 0° C. to nearly the boiling 

point of water. 

The secretions of the endocrine glands are 

absorbed dixectly into the blood stream 
from the gland tissue that produces them 
and are absorbed from the blood by the 
tissues of the organs whose activities are 
regulated by these substances. 

In many multicellular organisms body 
form is secured and maintained either by 
the consistency of the tissues and the inter- 
nal pressure of body fluids, or by the secre- 
tion of special substances which are formed 

into supporting structures. 

Diffusion, the spread of fluids with their 
disselved substances, throughout the proto- 

plasm of a cell or the tissues of an organ- 

ism is an important method of conveying 
oxygen from the surface of a cell to the 
interior, or digested foods from the place 
of digestion to the protoplasm that will use 
them, or substances that stimulate any 

activity to the organ that responds to them, 
or the waste materials from the place 
where they are formed to the place where 
they are stored or excreted. 

The fundamental process of reproduction in 

all organisms whose cells possess nuclei is 
cell division which results in the precise 
distribution of the chromatin of the nucleus. 

The hereditary characters in all organisms 

are determined by the genes which are car- 
ried in the chromosomes. 

Decomposition of the carbon compounds of 
organisms provides a replenishment of car- 
bon in the atmosphere in the form of 
carbon dioxide. Thus carbon is continu- 
ally subjected to a series of cyclic changes 
from living to non-living substances. 

All individuals of the first generation of 
hybrids, the Fi generation, are uniform in 

appearance in alternative inheritance; only 

one of the two parental characters, the 

stronger or the dominant one, is shown. 

In intermediate inheritance a mixture of 
the parental characteristics is shown. 

All living things, except a few anaerobes 
and autotrophic bacteria, secure their 
energy by oxidizing food. 

Each kind of living thing has its charac- 

teristic chromosome complement, and the 

(78) 

(79) 

(80) 

(81) 

(82) 

(83) 

(84) 

(85) 

(86) 

(87) 

(88) 

(89) 

(90) 

(91) 

(92) 
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constancy of that complement is preserved 
at each cell division. Different species 

show the utmost diversity in number, size, 

and form of chromosomes. 

In all organisms, increasing complexity of 

structure is accompanied by an increasing 

division of labor. 

The power of contraction which results in 
movement is possessed by all protoplasm to 

a greater or lesser degree. 

All cells produce certain chemical com- 

pounds, secretions, which may be used in 

the processes going on within the cell, in 

cavities adjoining the cells, or at consider- 
able distances from the cells where they are 

produced. 

Every living species is continually produc- 
ing a multitude of individuals, many more 

than can survive, varying more or less 

among themselves, and all competing 

against each other for the available energy. 

When the balance of nature is disturbed, 

disastrous results often follow. 

Reproduction in all organisms is a process 

of growth in which a single cell or a group 

of cells is separated from the parent body 

and develops into a new individual. 

All cells arise through the division of pre- 

vious cells (or protoplasm), back to the 

primitive ancestral cell (or protoplasm). 

Each species of living organism is adapted, 
or is in the process of becoming adapted, 

to live where it is found. 

Plants and animals are directly or indi- 
rectly dependent on the soil. 

Anaerobic decomposition (fermentation) is 

accomplished at ordinary temperatures by 

the intervention of special enzymes; dis- 

similation occurs in the absence of oxygen; 
its final products are carbon dioxide and 
alcohol; and free energy is released. 

The smallest unit of living material capable 
of existing independently and of maintain- 
ing itself is the unit called the cell. 

All the modes of reproduction of organic 

life are alike in their nature, varying only 

in complexity of development. They fall 

into two general categories, asexual and 

sexual reproduction. 

All embryos start from a single fertilized 
egg cell and grow through division and re- 

division into the form of the organism 

which produces the egg cell. 

Sexual reproduction is an almost universal 
method of reproduction and occurs in rep- 

resentatives of every phylum of plants and 

animals. 

Oxygen free in the atmosphere or dissolved 

in water supplies the respiratory needs of 

practically all living organisms, except for 

a few parasitic and anaerobic animals, and 
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a number of bacteria and fungi which can 
extract the oxygen needed for their energy 

production from the organic substances on 
which they feed. 

(93) The phenomena of life involve chemical 
change, so that wherever life processes are 

being carried on, chemical changes are tak- 
ing place. However, chemical change may 
proceed without involving life. 

(94) Every animal comes into the world with a 
certain inherited endowment of congenital 
behavior. 

(95) Growth and repair are fundamental activi- 

ties of all protoplasm. 

(96) In a living organism adaptation of action 
and adaptation of structure are necessary 

for survival. 

(97) In the second and later generations of a 

hybrid, every possible combination of the 
parent character occurs, and each com- 

bination appears in a definite proportion of 
the individuals. 

(98) For each disease caused by an organism a 
specific microbe exists. 

(99) Heredity supplies the native capacities of 
an organism; environment determines to a 
large extent how fully these capacities will 
be developed. ; 

(100) Chlorophyll-bearing plants are adapted for 
food making. 

CONCLUSIONS 

In so far as the results of this investiga- 

tion may be valid, the following conclusions 

seem justified : 

(1) The “major” list of 300 principles of the 
biological sciences is composed of those prin- 

ciples of which a comprehension is necessary : 

(a) For an understanding of the scientific 
(biological) materials appearing in text- 
books in biology prepared for the sec- 
ondary and junior-college levels of the 
public schools, and in books of a non- 
specialized nature prepared for the 
general reader. 

(b) For an understanding of the scientific (bio- 
logical) materials appearing in the public 
press and in non-specialized’ magazines. 

(c) For an understanding of and interpreta- 

tion of some of the scientific phenomena 
of everyday living. 

(d) For a solution of some of the problem- 

atic situations frequently encountered in 

the everyday experiences of the average 
individual. 

(2) The major list of biological principles is 
composed of principles which are at least 
well suited, if not ideally suited to serve as 
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objectives of instruction in science in a pro- 
gram of general education. 

(3) The minor list contains some of those prin- 
ciples of the biological sciences which are of 
importance for general education. 

(4) Though the coefficients of correlation of the 
values of the principles are low, the fact that 
the major list contains 300 biological prin- 
ciples, a number that is far too great for 

inclusion in a course in science at the ele- 
mentary level or in a course in biology at the 
secondary level, indicates that it should be 

possible to select for such courses those prin- 
ciples from the list which received high 
values for purposes of general education in 
all three analyses. 

RECOM MENDATIONS 

The list of principles of the biological 
sciences secured in this investigation 

should prove of value to classroom teachers 

and supervisors of biology; to subject- 

matter specialists engaged in the training 

of teachers of science for all levels of the 
public-school system; to committees en- 

gaged in the construction or revision of 

courses in biology, or of the science pro- 

gram as a whole; to curriculum workers 

who are concerned with the revision of the 

total instructional program of the public 

schools; and to the authors of textbooks 

for all grade levels, from the elementary 

school through the junior college in the 
following ways: 

(1) As an index of the relative values of the 
important principles of the biological sciences, 
and of the degree of emphasis which should 
be given to the development of “ functional 
understandings ” of these principles in a pro- 
gram of general education. 

(2) As a source of technically correct statements 

_ of the important principles of the biological 
sciences. 

(3) As a source of those major principles which 
are suited to serve as objectives of instruc- 
tion in science and around which the learning 
experiences of the curriculum in science can 

be organized and to the understanding of 
which these educational experiences can 
contribute. 

(4) As a source of those “major understand- 
ings” in terms of which the results of in- 
struction in science, as it appears in changed 
pupil behavior, may be evaluated. 
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To help America maintain its top-flight Thousands of veterans have become 

position in science, an expansion of Battelle aware of the importance of technology 

Memorial Institute’s program of research from their battlefield experiences and will 

education is being planned, Clyde Williams, be interested in scientific or engineering 

Battelle director, has announced. Mr. careers. They are learning that scientific 

Williams pointed out that the program will manpower is one of the country’s key 

be of special interest to returning veterans assets, and that the supply of such men is 

who can qualify for training as research - now, and will remain for years, critically 

workers in the sciences. short. Battelle Memorial Institute, in co- 

The program, which will be directed at operation with other educational institu- 

the graduate level of education, is an ex- tions, Williams declared, will give qualified 

pansion of the plan which had been mark- veterans the finest possible training in 

edly successful thus far with Ohio State — scientific research on the professional level. 
University. “ Research education,” said Williams, 

“America has been so busy in the last “is a familiar field for Battelle Memorial 

five years applying the old familiar laws of _ Institute. Hundreds of research men have 

nature to military purposes that we have _ been trained at Battelle, and many of these 

had too little tithe for discovering new have carried its methods into the research 

scientific laws. Building new post-war laboratories of industry and into universi- 

industries and products for mass consump-__ ties, government bureaus, and other scien- 

tion depends on a steady flow of new basic _ tific organizations throughout the country. 

knowledge. Furthermore, this new knowl- The first Battelle fellowship was granted 

edge is vitally important for national pre- in 1930 and fellowships have been granted 

paredness in the future. Battelle’s.ex- annually since that time. Another phase of 
panded plan of research education, built on _Battelle’s research education is the publi- 

fifteen years of experience in this field, is cation of the results of scientific research. 
designed to add to the country’s store of These publications now total ten complete 

scientific knowledge, as well as to train books, contributions in others, and more 

young scientists.” than 800 scientific papers and_ technical 

articles.” 
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CurisTorrerson, H. C., Canoon, G. P., Ricu- 
ARDSON, J. S., Farrcuitp, F. M., ann Ham- 
BuRG, M. Demonstrations and Laboratory Ex- 

periences in the Science of Aeronautics. New 
York: McGraw-Hill Book Company, 1945. 
155 p. $2.00. 

This book, prepared with the cooperation of the 
Civil Aeronautics Administration and the Ameri- 
can Council on Education, fulfills an urgent need 

of those who feel that the science of aeronautics, 

in common with other sciences, should provide 

students with demonstrations and laboratory ex- 

periences. Detailed instructions are provided for 
the construction and operation of about 100 de- 
vices for use in teaching aerodynamics, power 
plants, meteorology, navigation, and communica- 

tions. Many of these can be constructed by 

students. Each project is outlined in terms of 
purpose, materials required, notes on construc- 

tion, and suggestions for use. Scale drawings, 

diagrams, and photographs are included. 
While the manual is admittedly incomplete, it 

is unfortunate that the authors did not include 
some of the excellent devices being used by the 
Army Air Forces, e.g., a glass-sectioned weather 
diorama and plastic forms for illustrating map 
projections. More material could have been 
included in the section on power plants (engine 

instruments are neglected) and a simpler model 

of a wind tunnel could certainly have been found. 

The book is, nevertheless, a valuable addition 

to the school or teacher’s aeronautics library, and 
an essential for the school aviation club. 

—Louts TEICHMAN. 

BLACKWELL, Gorpon W. Toward Community 

Understanding. Washington: American Coun- 

cil on Education, 1943. 98 p. 

Ivey, Joun E., Jr. Channeling Research into 
Education. American Council on Education 

Studies, Series I, Reports of Committees and 

Conferences, Number 19 (Volume VIII), 

August, 1944. 187 p. 

Gordon Blackwell, on behalf of the Commission 
on Teacher Education, discusses the problem of 
giving to future teachers (1) facts about com- 

munities, (2) methods of getting such facts, and 

(3) some desire to use them to advantage. Dr. 

Blackwell, an associate in the Institute for Re- 

search in Social Science at Chapel Hill, under- 

stands community problems as well as teacher 

training. 

He has examined special courses of training at 

Milwaukee, Chicago, and Columbus (Ohio State 
University )—each a course designed to give pros- 

pective teachers an insight into community struc- 

ture and problems. He also reports several 
arrangements for training students in methods of 
fact-finding and community survey. , His section 

“ Toward Community Action” describes coopera- 
tive work between student-teachers and com- 
munity in such varied areas as Michigan, Ala- 
bama, and North Dakota. 

Actual community experience in student gov- 
ernment, group living, work projects, arts, and 

development of teaching materials are next 
described, and some interesting, unconventional, 
and apparently successful projects are noted. Final 
chapters discuss the relation of college and com- 
munity—in fact the whole range of relationships 

involved—summarizing with eight common-sense 
questions to serve as a basis for judging the 
merit of particular projects. 

John E. Ivey, Jr., is, like Dr. Blackwell, an 
authentic southerner and here reports for the 
Southern Committee on Regional Studies and 
Education. His report is in a sense comple- 
mentary to the other, for it deals with the prob- 
lem of bringing into the schools, and through 

them into the community, the results of modern 
research in “physical, natural, and social sci- 
ences.” In his words, “A study of the general 
problem of research translation is probably the 

most urgent need facing southern education.” 

The report falls into two general sections: the 
first indicating the importance and character of 
southern regional resource education; the second 
appraising existing sources and methods. 

Dr. Ivey makes a clear case for the possibilities 
of southern resource development through general 

understanding and participation. He also shows 

that a wealth of material is available for use, but 

believes that it needs to be integrated by state and 
regional agencies. 

Readers not fully acquainted with the back- 
ground from which these books come must not 

mistake either for an attempt to formulate a com- 

plete philosophy of education. Such is certainly 
not the intent of either author. A casual reader 
might also regard each thesis as an innovation in 
educational theory and practice. 

Actually, the ancient role of education, in its 

anthropological sense, is to integrate the student 

with his community and acquaint him with what 
is known, that is, “research.” It is not a new 

phenomenon to have education outstripped by a 

vital culture which gets ahead by short-circuit. 
When this happens, the end-products of education 
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A book of daily usefulness: 

TEACHING ATHLETIC SKILLS 

in Physical Education 

By Henry C. Craine—Foreword by Dr. Jay B. Nash 

Part II of this book takes the individual skills of 8 
different sports, and makes exciting competitive 
games, with scoring, of them. An average of 27 

se . . . 5 

competitive skills | graduated, coordinated skills games for each sport. 
Here’s a program for boys’ or girls’ classes, large 

ith ° f or small, to use in big,or limited space! Improve 

games, wi scoring, or the sports abilities of your pupils while toughening 
; them for wartime activities! Part I contains 7 fine 

. . . . . . . . . 

teaching the individual chapters on the organization, administration, and 

teaching of the modern athletic-skills program, 

skills of 8 sports ! according to accepted educational principles. ‘The 

215 skills games are ideal for use in large or small 

space. 

Net prof. price, $2.20 —10-day free examination 

INOR PUBLISHING CO. 2°% Fourth Ave 

For wartime teaching of arithmetic fundamentals, you'll 
appreciate this efficient, self-explanatory drill book: 

Boyce-Beatty DRILL UNIT 
More drills: The DRILL UNIT’S supple- Inventory tests: Nine Inventory Tests 

mentary exercises give fresh extra cover a majority of the basic combina- 

drills—totaling more than other drill tions in addition, multiplication, sub- 

books contain. traction, and division, allowing speedy 

Self-explanatory: This book relieves the diagnosis by the teacher. 

teacher of much individual coaching. 
At the beginning of each type of drill, New abilities: New skills that other 

concise explanations and worked-out drill books do not offer are covered: 

examples explain the process to the making of graphs, charts, tables, etc. 
pupil. 

Remedial charts: Special remedial Accuracy vs. speed: The DRILL UNIT 

charts devised by the authors allow bases success on accuracy—the prime 
pupils to check answers at once, before requisite of the business world—and 

errors have become habits. not on speed. This avoids nervous strain. 

Non-destructible: Save more than 50% on your drill-book costs by using 

the cloth-bound DRILL UNIT. As pupils do not mark in it, copies will 

last for years, in use by a different class each period. 

Net prof. price 68c—30-day free examination 

INOR PUBLISHING CO., 7% Fowth Ave 

Patronize our advertisers. Tell them that you saw their advertisement in Science Epucation 


